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r^tfWWij h^-fx>^tt 7X#flHj, 111 

f CONTROLLED DRUG RELEASE OF 0R*L DOSAGE FORMS J EL 
LIS H0RW00D|± .1 FAN-MAURICE VERCNAUD 1993^ 

[0 0 2 3] r*^±8^Sh£tt.i £ Ittt, WU* 
*L HM.. ffiEBttt* *x>BML 

®k x * ^ - *> $ * n s o 

[0 0 2 4] *JW0**>^>WI^»S tA>«t 

ur, Tiao<fc^ft3&swS"C*4o TiJci)^tffli^ 5 
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14 




Y 2 



30 





NO. 


V 


Y 2 


Y 3 Y 4 






1 


CH3 


CH3 


H D1 






2 


CH 3 


CH 3 


2-CH 3 D1 






3 


H 


CH3 


2-Br D1 






4 


H 


CH 3 


3-CH 3 D1 






5 


H 


^2^5 


1A D1 






6 


CH 3 


CH 3 


2-F D1 






7 




CH 3 


3-F D1 






S 


C 3 H 7 


CH 3 


2-CI D1 






9 


H 


CH 3 


3 " C 2 H 5 D1 






10 


H 


CFI3 


3-Br D1 






11 




CH 3 


3-QI D1 






12 


H 


CH 3 


2-CF 3 0 D1 






13 


H 


CH 3 


2-C3H- D1 






14 


H 


CH 3 


2-CN D1 






15 




CH 3 


2-CH3O D1 




5 ] 












No. 




Y 1 


Y 2 


Y 3 


Y 4 


16 




CH 3 


CH 3 


24so-C 3 H7 


D1 


17 




CH 3 


CH 3 




D1 


18 




H 


CH 3 


2~CF 3 


D1 


19 




H 


GH 3 


3-CH 3 0 


D1 


20 




H 


C 3 H S 


3-CN 


D3 


21 




CH 3 


CH : 


2-CF 3 


D1 


22 




C 2 H 5 


CH 3 


2.6-(CI) 2 


D1 


23 




CH 3 


CH 3 


2,3-(Cl) 2 


D1 


24 




H 


CH 3 


2 ; 3-<CH 3 ) 2 


D1 


25 




H 


CH 3 


2,3-OCH 2 0 


D1 


26 




H 


CH 3 


2-CI 


D2 


27 




H 


C3H7 


2-CH 3 


D3 


28 


(CH3> 2 C=CHCH 2 GH 3 


2^ 2 H 5 


D4 


29 


GH3CH-CHCH2 


CH 3 


2-CN 


D5 


30 






CH 3 


2-CH3O 


D2 



[0028] 



40 



15 

v3 




No. 


Y 1 


Y 2 






Y 5 


31 


CH 3 


CH 3 


H 


D1 


CH 3 


32 


CH 3 


CH 3 


3-CF 3 


D1 


CH 3 


33 


H 


CH 3 


3-3 r 


D1 


CH 3 


34 


H 


CH 3 


H 


D1 


C 2 H 5 


35 


H 


C5H5 


2-CF 3 


D1 


C 2 H S 


36 


CH 3 


CH 3 


2-3 r 


D1 


CH 3 


37 


CH 3 


CH 3 


2-CH3O 


D1 


CH 3 


38 


CH 3 


CH 3 


2-Ci 


D1 


CH 3 


39 


H 


CH 3 


2-CH3 


D1 


CH 3 


40 


cycloC 3 H 5 -CH 2 




3-Br 


D6 


CH 3 


41 




CH 3 


3-Ci 


D7 


C2H5 


42 


H 


CH 3 


2-CF3C 


D7 


C2H S 


43 


H 


CH 3 


2-0 3 H 7 


DS 


CH 3 


44 


H 


CH 3 


2CN 


D9 


CH 3 


45 


G 3 H 7 


CH 3 


2~CH 3 0 


D10 


CH 3 



[0 0 2 7 ] 




No. Y 1 


Y 2 


Y S 


Y 4 


46 CH 2 


CH 3 


H 


D1 


47 CH 3 


CH 3 


3-CH 3 


D1 


43 H 


CH 3 


3-CI 


D1 


49 H 


CH 3 


3-CH 3 0 


D1 


50 H 


C 2 H 5 


2-CH 3 


D1 


51 CH 3 


CH 3 


2-C! 


D1 


52 CH3 


CH 3 


2-GH3O 


D1 


53 CH 3 


CH 3 


4-CH3 


D1 


54 H 


CH 3 


4-CI 


D1 


55 CH 3 CH{OH}(CH 2 } 4 


CH 3 


3-Br 


D11 


&6 CH 3 CH(NH 2 ){CH 2 ) 4 


CH 3 


3-C 2 H s 


D12 


57 CH 3 


CH 3 


2-CF s O 


D13 


5S H 


CH 3 




D14 


59 H 


CH 3 


2-CN 


D15 


60 C 2 H 5 


CH 3 


2-CH 3 


D16 
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10 



r«tO. 


Y 


v 2 

Y 


Y 


Y 


61 


CHa 


CH 3 


H 


D1 


62 


CH 3 


CH 3 


3-Br 


D1 


G3 


H 


CH 3 


S-l 


D1 


64 


H 


CH 3 


S-CH 3 


D1 


65 


H 


C 2 H 5 


6-CH3D 


D1 


66 


CH 3 


CH 3 


5-G 2 H 5 


D1 


67 


CH 3 


CH 3 


5- 1 


D1 


S3 


CH 3 


CH 3 


8-CI 


D'\7 


39 


H 


CH 3 


5-CH 3 


D18 


70 


H 


CH 3 


S-f= 


D19 


71 


H 


CH 3 


7-CI 


D20 


72 


H 


CH 3 


&-cf 3 o 


D21 


73 


H 


CM 3 


6-C3H7 


D22 


74 


H 


CH 3 


6-CN 


D3 


75 


C 3 H 7 


CH 3 


5-CH3O 


D5 



20 [0 02 9 ] 




30 



No 


Y 1 


Y 2 


Y 4 


Y 7 


76 


CH 3 


CH 3 


D1 




77 


OH 3 


CH 3 


D1 




78 


H 


CH 3 


D1 


3 -^f P p-4-^f^-2-f:rr-jfr 


79 


H 


CH 3 


01 


2-73A- 


80 


H 




Dt 




81 


CH 3 


CH 3 


D1 


5-7* »*-2-7P* 


62 


CH 5 


CH 3 


D1 


3-.^H-2-7>j^ 


S3 


CH 3 


CH 3 


D1 


1 -}fir-7-l' p 9* 


34 


H 


CH 3 


D1 




35 


H 


CH 3 


D1 




86 


H 


CHa 


D1 


2" -W -I, l'-C*7x=*-2-f* 


87 


H 


CH 3 


D1 




88 


H 


CH 3 


D1 




89 


H 


CH 3 


D1 




90 


OH 3 


CH 3 


D1 





[ 0 0 3 0 ] 



yS 

v 3 



No. 


Y J 


Y 2 


Y 2 
Y 4 






91 


CH 3 


CH 3 


D1 


1- Cl-t7frlf)xffr 




92 


H 


CH 3 


m 






93 


H 


CH 3 


D1 


<2, 6-y v -X'-! 




94 


H 


CH 3 


D1 






95 


H 


C2H5 


D1 


(2, 6, 6~H):^^7?c-4-a-1~x:/ 


-\--mm 


95 


H 


CH 3 


D1 


2,3-^^2-7*7-4* 




97 


H 


CH 3 


D1 






98 


H 


CH 3 


D1 







50 [003 1 ] D1^D22B. « TOSaJft^fcSWT 
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DA } 



HQ w HO 03 hQ 

f-N^O D7|-N < > DS|~N b D9:~N > 010 |~N }— 



5 V 



[0 0 3 2 ] *;^c/>tf>^>I#fftt, WW.BTIB * («E39*«l«aaiR-?i ITfttfi^firfe 0 , *€> 

° H ° H 3 1 OR 3 

R 2 (1) R 2 (2) R 2 (4) 



I, t 2 NH 2 

R 2 (8) R 2 (7) 



R 1 , R 2 , R 3 fccfct/R 4 l*W!BilBI«r* 
JR*\ 5*a«B3 6 *c «f fc#*» i fcB^f* p if £ tSH h 

xhxu 0 x 1 fcj^cKx 2 BSfcaor, avmm^ * 

SJW-f-, ttiRJSH 1 , ^ # > * ^ * * * , h y >> ;v 

-^**^**-r. ] 
[ o a 33] i ) it i 

it&m ( i ) * msk £ sse s tt s c & v&m 

■fr2>Z£&'Vt?2> (3. Heterocycl. Chen. 37,1033 (20 
00), J. Chem. Soc. , Perkin Trans. 1 13, 1833 (199 
9). 3 . Med. Chem. 38, 3838 (1995)^) 0 iftif 

»<b-&^ ( i ) icMisxmmx^&mmtfbti&o * 

f^Wl^itii -fb^5 ( i ) fc»Lrjltti~3*3 
%). x^^U(i } 4-^^^^>^), W«»«St, 

[0034] 2 ) IS 2 



<2) «r^tl^» (3) iSJB53«*C£CCJ:D6J58W"S 

Ci^'ttl) (.1. Heterocycl . Chem. 37, 1033 (200 
30 0). J.Chem. Soc, Perkin Trans. 1 13, 1833 (199 
9), 3. Med. Chem. 38, 3838 (1995)^) 0 ffc^f? 

( 3 ) (ommmt ttit 5$ < 2 > oit^^^ 
^>a, ^K7l<«^ I- y *»ffcr^*y oWKft 

B, ft^© (2) K:»ura«i-5^«3&s*tf?>ti*o 
)V x — )]/ , h i7 b P n :7 -j> > , 1 , 4-> ; ^ ^ *f > 
dvt^> FfW6n^ SJCBfilSi L/TB, ^io-» 

[0035] r 3 *3Kgi3tir «> «fc^r y -ji/*fcBa 
»$trr 6 cfci>^r 07 y -^©»^KB±KC!>«Btjer 

Bffc^ ( 3 ) CDRfo ^ ^ 2 <SCC x h uS^ft'T^R 3 
50 X 1 €rfl9l>TJSJCEL/ (Farmaco, Ed. Sci . 34, 890 (1 



(11) 



19 

(Chen. Pharm. Bull. 47, 857 (1999)^) , ffr&tt 
(4) ^mCiWt^, CC~€, 0£V^X* 

X& $ ft r WOT'J - ;F * fc B jH& jnrfeit^y- 
p r y -;i^c& £ ft £#j ( 4 ) «ot<d J: 5 cc u r«jfi 



r2 (a) 



NH 
CH 3 



O 



1.0 



(b) 



<4) 



t> J: i > r y - ^ s /c ^nr^Jci^fuT y ~ jv 

*«"S\ 1 <fc£* (a) iR 8 " -N = 0«itfl* 
f»l*^SfB3*SC tic iotO ( b ) 

(J . Org . Chem . 37 , 4464 (1972 ) 
m o R 3 ' -N = OOftil4ltB, ft^tt (a) 

n&m (b> «ffiA©xsi tcE«sti 
fc#ffi£H««:i,T\ R 3 «ft3ntfei^7>;-^ 



30 
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* JrzsTfrft y C t h >J $ Af)fW6ft, 

£KSt<CB, y ^ A, TkMiti- F 'JW?W6 

ft£ 0 teSOffiflMtiLtTtt, ffc£« (4) KjfctWMr 

>1*feii$®(^ f ^^jl AT 5 F . Is* PfrXJl/ftlrl/ 
F^x x — ^iK^^^^^ rF7tFP77 
X l f 4-^^>^3, ^ h>(T42 F>^X Ctlf> 

os^ssjk^ we mmc ? n,*^ at $ 
<D«H5&> 6 aBR-r £ c. £ a* v: * a . 

[0037] 4) 114 

ffc£*J (7 ) B\ T^£f±i§«*. S:SO#fiTa/cB# 
#fiET. <t£» (8) *Wtt2«75>£^3*t&C 

h yx?^r s ^ y er-^r 5 -ofc" y 

H-J &)V*}V$: y>^£*W6ft, SBI^BFU 
Xf^7 2 >«#*W6ft& 0 ^SCQffiffimi LTB, 
ft^« (6) frC^l/aSl—^JH^tf^n*. ^fS'tt 



[0 0 3 6] 3) TS3 
*fc£» <8) tt. ^RStt««*. tm<D&t£T, it&b 

(4) tffc^W (5) igj£3tt*C£K<fc9'&J8tT* 
Ci«§§ 0 ffr&tt (5) OfJfjfiUt^ fb£« 

(4) tcWbraWi-B^Jtfflc^s. Miltit H 
xtf^Str;}/^ y ct^Kft y 0 a % F>j^A, g 30 

y ^a. eat**^ f y ? a*), *»{fcr^ 
# y c*BWfc# y *? a, *S(ffc^ f y r > a^x **f tr 
jf^7 y c**^fc^ h y ^ a . *«it* y v a^), r^=> * 

o o 

(8)R R 2 (9) R 2 (10) 



ftL, R 3 *WALTft-&« (4) *«ft-r&«*^l/ 

R 2 ^RiSHFt^^^il ft^» (4) 
fee 4 T , —fmc R 3 S S3RJBR-?-«:a»A § tl & 

[0 03 8] SffiB 



H^N 



HN 



N 

U 
R 



NH 2 
NH 2 



(11) 



HO 



R 

-A 



(12) 



(11) 



C0 3 R 22 



^ (13) C °2 R22 ^2 (14) C0 2R" 



O R 3 R 4 O R r' 

^ (15) C ° 2 R22 ^ (16) C 



R2 
R 4 



X^8 

CO2H 




(18) 



FT R 4 C R R 4 

N«00 | NH 2 

18) R 2 (19) 



21 

& c me 2 6*fcu<tt7j(i©K<bk*ai. 

«« $ 6 ocfljf bzR*S! * fc ^ x nj» i «St U r *> J: 
[0 0 3 9] 1 ) Xfi! 1 

itsm <9) t*, mato*»Bw»* ft^w <8) 

-5C i&C<tr>T^JES*r*C i36Jtr*a» (Fur. .1. Med, C 1.0 
hem. 25, 653 (1990)^0 0 *yr/ft»0ftftti It 

<8) ten b x mm- ma&mtf & ti s . 

^tf*^ftT.n^ y okftMfc* y £ a, #Mffc* h V 3 
Af)fWf6ti5, tffflHbT rt^ y», flW£i<#6—3 

"Cffiffi-T Z>ffi<D&OMBLt LXit, ^Ix.«fjo-ft40 y C 20 

2) Ifi2 

ffc£* (10) H\ mtfffl«*?8i8*. {b£W (9) 
£ MIBIt^ h y r > A SrgiE 3 U -5 C 4 Jc <fc o Ti^f >5 
C6*"C>S (iiur. J. Med. Chem. 25, 653 (1990) 
9) . lilt F^AOOTtiltit {b^fc 
(9) K»lta»M3«J»f6tiS, *yflffll© 

3) XIM3 

*b£W (ins, w*«r>*-r**, ffc&« ( 1 

0) iA-f FaWr-f h y^AfcjKtSS-asc 
i('C<fc^tM«C£^r^6 (Eur. .3. Med. Chem. 
25, 653 (19903^0 0 ^ <i v <i hi" b f ) V 

mz. it&m < 1 o) witifs-ai^^^n 

£ c TZ^-T***. iimi0%-30%yIK^SSiLr 

[ 0 0 40] 4 ) XS4 40 
7 2 6 £ S 2 KHKDSOSK <± o t^tftr 6C£ **r a 

g g g y 1 

ffiT\ Ibi&W (ID tib&m (12) ^2tS s 
I-^iltlt SWfb^lSCEWb^ 

m &«) 2 2 ^ctgstg stitos & o& gifimtf h 
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^F), 2,2' .^^y^Xi^ Y Ff^^i^ Y F 

at h y y x^wr; * * >«*sl&^ 

y ^ ^ ^ # # p y f*), rw 

^^*>iyx^f(DT !/y*;i/*>»yx^ tvF£ 

II (2 - ^ a p ^ ;i fcf y ^>)A3 — # >f F ) ^FsW 
K)l^^)lT 5 F y 7>;l^T 5 >, i,s -v'TIf 

^P [5. 4.0]^ >9 s *-7-X>, tfS/^P [4. 

3.o]^^-5-^->, try^>, ^>y^ii/T5 ^t*y ^ 

iltlt ^R^x-^cir Fi7b Fd77>, 

W), ^^py^^bMfbTk^c^^pn^ ^pp^;F 
A, i,24/ ; ;nnx . ; ry|), F >14?§SS(N, n j 

[0041] ^z:^..^ 2 

XT? 7* 1 -C-^^ 5 tifctti^WPhitim (13) 

^ f y a^). y\mitT)i>i) y c*»b* y r > a. 
fb^ f y «)Af)iW6ti, y^mw.t iti^sc 

i t> r * * . ^rSttf^SS iUB, ^ - r a , 4-s?tf 

^-y*>, 7*F7tF0^7>, 1,2-^y F^^X^> 

t^Cil>t§^ BaSffljEEi Lrtt, #j30^jioo°C 

o«gffl^ 6 sc£«ts 0 ^ ^ ■> ^ 2 fee ^ 
it&m (i 3) <7>r 2 2 ^Kgi u /c < i^m^m u 

fcizk&kt, ^Comprehensive Organic transformatio 
n' , R. C. 5X3 VCH publisher Inc., p. 966- 

972, Lss^cmmsntcyfmm^m^x , x^f;Ht 

l, fb^ ( 1 3) *MtSCi^t^J 0 
[0 04 2] 5 ) XII 5 

ft^® (14) tt, <b^« (13) MSAOII! 

*fc, iSA©ii2chi5i«ic, r 3 &m}&$nr 
yor y wH/ciiliJtitfei^^faT y— 



(13) 

23 

(om^c utm 5 (owrnnrnv u sis ottuci 

*<D»^rtt, Wfcfctffc^W ( 3 ) CDftfoDtC2 
fitter. M:ig£:^T£R a ~X' &fl8C^TSt£b (Farm 
aco f Ed. Sci. 34, 890 (1979)*) , jR^T-fCD- h 
tt*7K^M : f-0C^^OT (Chem. Pharm. Bull. 47, 857 
(1.999)*) , it&m (14) £3S^£C £&~CS 

6) X?16 

ffc&fe ( i 5) fb&ft ( i 4 ) M&a<dx$i io 
3 tarn $ nfc^s i»»ci r &^rt sci^rs 

7 ) X|I 7 

;V-;«)fisW6hS 8 SKfigibttt, ft so 20 
[0 0 4 3 ] 8 ) XfM8 

ffc^tt (17) H\ «ittf^RStt*«K*. it&m ( 1 

m&Z^'&Cttc&n^&t&C ki$X%& < J .Chem. 
Soo, Perkin Trans. 1 2519(1992)*) „ ArA'sK+^Jl* 

JfjeJfltit?* 9* WAf£, "ComprehensiveOrqanic trans 
formation" , R. C. ^ #^1, VCH publisher Inc., 

p. 963-976, 19895Cia|jc$tl/^?J^f/£or^JfeTi 30 

ttf tjffio n *W £ its, « * u u it r ;v * & 

n -<f ;k tttftz , 4 ,6- V y # a u > V fc^i&$VfP> 
ft, Jf * L/ < ? nafi7i^^f&f6ns 0 

ffiiatii wzMit^ r m (i6) tc*ttn.o-i.5 

S«<DJBffl3W»Jf&tlS. ^CDPSffiraTS^Si LX 40 

giR^ r y jc?- A>r 5 y *f V :/a bVl/T 5 > , 
x^;^^/ab^T5>, fc?y^>, 4 -(^y^;t<T 
5 v ) t" U fM-y PJl*:)^ y >*#^tf ■e>ti, 

y>**s*tf6ti«. SlOfMtiOti^ tt*«ffc 

(i6) ^^1 1 1 1-- 3Sf0ii ^ e» n ^ „ m. 
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?l/>f)fW6H, JfJ*L<tt, T^h>, rh 
7tFU7 7>, 1 , * if > 3$ifim*f 6 ft o c SJS 

^f? (16) 0^^*+^^«^rStt-<bM, aoA*r^ 
ft^ h y VJ*<D{imnt vxa, wzmifflfa ( 1 e ) 

r b , ft ixr-m 3o L c<Dmm 6 n & B 

[0 044] 9) XfS9 

ffc^ ( 1 8) tt. T^'Stt^*, ft^fef (17) 
aftTSCitcJ:^r^"r5Ci*sr*4 O.Chem. So 

c, Perkin Trans, 1 2519(1992)*) 6 ^SfiMMtb 

l o ) Xfl i o 

it&& (19) tt, ftM^f ( 1 8 ) %m 

^r&C£te<k^X&ft&f%>C£&V ; BZ> (J.Chem. So 
c, Perkin Trans. 1 2519(1992)%') e ^Stt^Si U 
tTB, te.rt~y % y — )l . te.rt-7 5 )IT)1^— )1^$<DT 

[ 0 0 4 5 ] feliOJSlSCCteOt:, ^fiCgDtl'M 

M (M^.B, Protective Groups in Organic Synthesi 
s, T.W.Greene, A Wiley-Interscience. Pub li cation (19 

si)) »3Wfl8fflt?** 0 cneosaH^zaiAteJ:^ 
nmc$t*oxm&r& ct&x% ±g&<z>tmfi 

<£ o "C« y 7* ^ r U af v - , flWM" 

y», W^«7k. x^7-;k T^2h>* 

J: 0 3e**SttWfc^»i urns c i fe-c* ^>o 

[0 046] *SHB<Z>a6Wtf . *<DDPP-IV«:*r-r-5ffi« 

3»»K:iB«a>l tt&Wtt, W»flWt»«K:*PW Sft«*ilL 
i©»fl ^-^xyy^ftW^l, BB««^ 

w^nffi y * v ^ a £■ a wei s 
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ami m&mstz*3&®m%. mmmaomm. tsxvn 

» ;?*fctt*ft6©ISg^^g3ft£ttH:£> &W;lc&, 
W (Mill MRA. ST. &L<W«F<3ft#t JR!?r 

ten. ft^-feA^w. ajw, Mf&st. $$1 a&w, mmm 10 

Wit I*. SI«B*ttfff, & 0 < WttttSiJ, *c*»L >'J 

or wh § ft, «ffl#wtc s ft £ mm& 

ft6<DMW)iCifr-??3ft&&£\ ().l~1000mq/B> 20 
U < &il~-300mq/H3: 1 0 1 i^fcB2ftt> L 3@5C;» 

*?t, »HHRi!fcl@«:#-r*Ci«> 

[ 0 0 4 8 ] 

»7A: Puresil C18 : Waters&f?) 

t&tfc|?&S (W) : 254 nm 
?HM : 1.0 ml/m in 
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= 10/90— 80/20 ( 30 minla1^'v>'X> h) 

[0049] mmm 1 

2 >- v ....fl-) ■! , / i;; |M 1 LH / > .< , >j >• 

— - jfxHQ 

i : NH 2 

^-3r— ;l/)-3,7-t^fc: F P-1H-^' U >-2 f fc-£ ? =fr> (415 m 
q) . 3-7$^t^'Jv'> * 23£g^§ (344 mq) , fcj: 

r» 'Jx^F7 5>(^)2 (s ml) jg 

7j<(ioo ml)tca#\ ftBtx ^;b(ioo m])CCT|fiffit 
fc Q Sll^ri*li v ^ ^ A 1 , 

# y ;t< : # p p Jk /J % J - - 20/3* 6 5/1) *C 
«SSgU gftft (141 mq) ^fifiifti L t»fc e 
HPLCff>|#B#ra : 11.46 rrrin. 

1 H NMR (400 MHz, DMSO-dg ) d ppm 5.33-5.30 (m, 1H) , 

1.71 4.61 Cm, 2H), 3.58-3.50 (m, 1H) , 3.39 3.32 
(m, 1H), 3.29 Cs, 3H} , 3.28-3.18 Cm, 1H) , 3.10-3.0 
5 (m, 111), 2.96-2.87 Cm, 1H) , 2.04-1.95 (m f 111), 
1.90-1. S3 Cm, 1*0,1.73 (s, 3H) , 1.68 Cs, 3H) , 1.71 
-1.49 Cm, 2H). 

MS CFAB+) 333CNT+1, ; HRMS CFAB+) calcd for C 15 
H as C^ 333.2038, found 333.2039. 

[0050] mmmitmm<D^mr\ »us-r*»#« 
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28 



3 0 0 9 7 7 



O 



R 
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l £ y~H (CH 2 ) n 
I NH 2 



::*M !? ! j *& © 


R n 




R 






H 1 






###J2 




H 1 


2- 


5< :fvW vvt 






H 2 


2~ 




#%«3 




H 1 


3- 




#%Ml 




H 1 










H 1 


3- 








fvi- 1 


3- 








H 1 


2- 


^ n u v^'/V 


##M8 




H 1 


2~ 




**M9 




H 2 


3- 








H 1 








3fcfiSM3fl.il 3 


H 1 


r>— 








H 2 


2- 







[oo5i] mmm2 

a H NMR(40(Mte, GDC1 3 ) o : ppm 7.42-7,20 Cm, 5H) , 
5.50 (s, 2H), 3.53 (s,3H), 3.43-3.38 (m, Hi), 3.30 
-3.23 (m, 1H), 3.12-3.06 (m t 1H) , 3.04-2.900*1, 1 
H) , 2.83 2.72 (m, 1H) , 1.98 1.88 (m, 1H) , 1.82 1.7 
2 (m, 1H), 1.38-1.23 (m, 2H) . 

{VE> (FAB+) 355(ivr+l, 64%); HRMS (FAB+) calcd for C 
1 3 H £ 3 0^ K 355.1882, found 355.1887. 

mmrns 

1 H NMRC400KHZ, DMSO-Cfc ) £ : ppm 7.21-7.09 (m ( 3H) , 
6.63 (d, 3 :=: 7.4 Hz,lH), 5.28 (s, 2H) , 3.34 (s , 3 

H) , 3.20-3.17 (m, 2H), 2.81-2.68 Cm, 311), 2.30 (S, 
3H), 1.78 Cm, 1H), 1.61 Cm, 1H), 1.41 (m, 1H) , 1. 

22 Cm, 1H). 
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HPI.CfiSJ#8$HI : 13.11 mm. 

x \\ NMR0400M-JZ, DMSO-ct) 8 : ppm 10.86 (s, 1H) , 7.2 
&-7.06 Cm, 3H), 6.54-6.52 On, 1H) , 5.38-5.37 (m, 2 
H), 3.90-3.79 Cm, 1H), 3.61-3.45 Cm, 2H) , 3.34 (s, 
3H), 3.29-3.21 (m, 2H) , 2.30 (s, 3H) , 1.92-1.81 
Cm, lH) f 1.78 1.67 (m, 1H), 1.60 1.39 (m f 3H) , 1.3 
8-1.27 (m, 1H). 

*H NMRC 400MH2 , DMSO 4 ) 8 I ppm 7.20 Ct, 3 = 7.5 H 
z, 1H), 7.07 (d, J - 7.5 Hz, 1H) , 7.03 Cs, 1H) , 6. 
94 (d, 3 - 7.6 Hz, 1H) , 5.27 (dd, J - 16.1 and 18. 
9 Hz, 2H), 3.31 Cs, 3H), 3.27-3.24 (m, 2H) , 2.81- 
2.68 Cm, 2H), 2.56 Cm, 1H) , 2.26 Cs , 3H) , 1.78 Cm, 
1H), 1.63 Cm, 1H), 1.50 Cm, 1H) , 1.13Cm, 1H) , 

[0052] mmme 

l H NMRC400Mte, CDC1 3 ) 8 : ppm 7.24 Cm, 1H) , 7.15- 
7.03 Cm, 3H), 5.40 Cdd, 3-16.0 and 22.0 Hz, 2H) , 3. 



50 Cs, 3H) 5 3.-11 Cm, 1H) , 3.25 Cm, 1H) , 2.96 2.91 
Cm, 2H), 2.75 Cm, 1H), 1.91 Cm, 1H) , 1.74 Cm, IK), 
1.59 Cm, Hi), 1-28 Cm, III). 

mmmi 

a H NMRC400MHZ , CDC1, ) S : ppm 7.27 Cm, 1H) , 7.03 
6.91 Cm, 3H), 5.32 Cdd,3 = 16.0 and 17.8 Hz, 2H) , 
3.49 Cs, 3IQ, 3.40 Cm, Hi), 3.26 Cm, Ul), 2.98-2.9 
2 Cm, 2H), 2.76 Cm, 1H) , 1.94 Cm, 1H) , 1.77 Cm, 1 
H) , 1.63 Cm, 1H),1.27 Cm, 1H) . 

mmrns 

Hi NMRC400M-iz,CfXl 3 ) $ : ppm 5.36-5.33 Cm, 1H) , 4. 
72 (d, 3 - 6.2 Hz, 2H) , 4.05 (q, 3 = 7.1 Hz, 2H) , 
3.65-3.43 Cm, 3H) , 3.45 Cs, 3H), 3.28-3.15 (m, 2 
H) , 2.08-1.95 Cm, 2H) , 1.89-1.79 Cm, IK), 1.75 Cs, 
3H), 1.72 Cs, 3H), 1.70-1.59 Cm, 1H) , 1.23 a, 3 
= 7.1 Hz, 3H) . 

MS C^AB^-) 3610T+1, 100%); HRMS CFAB+) calcd for C 
i S H 2 ,QN 6 361.2351, found 361.2379. 



40 



*H hMRC400Wte t axri 3 ) <5 : ppm 7.41-7.39 Cm, 1H) , 7. 
25 7.21 Cm, 2H), 6.93 6.91 (m, 1H) , 5.45 Cd, J - 1 
7.0 Hz, 1.H), 5.40 Cd, .1 - 17.0 Hz, 1H) , 3.52C-S, 3 
II) , 3.40-3.36 Cm, 1H) , 3.29-3.25 Cm, HI), 2. 93-2. 8 
6 Cm, 2H), 2.71 2.65 Cm, 2H) , 1.91 1.89 Cm, 1H) , 
1.70-1.69 Cm, 1H), 1.58-1.55 (m, 1H) , 1.28-1.24 
Cm, 1H). 

[ o o 5 3 ] mmn 1 o 

J H NMRC 400MHz, CDC1 3 ) S : ppm 10.97 Cs , 1H) , 8.23- 
8,22 (m, 3H), 7.88 CcidJ - 1.0 and 7.7 Hz 1H) , 7.6 
7-7.63 Cm, 1H), 7.51-7.47 Cm, 1H) , 7.08 Cd,3 - 7.8 
Hz, U-1), 5.50 Cs, 21-0, 3.57 (s, 3H) , 3.39-3.28 
Cm, 2H), 3.14-3.08 Cm, 2H) , 2.88-2.87 Cm, 1H) , 1.9 



29 

3-1.92 (m, 1H), 1.79-1.77 Cm, 1H) , 1.79-1.77 Cm, 2 
H). 

mm 1 1 

1 H NMR(400Miz,CDCl,) S : ppm 5.26-5.23 (m, 1H) , 4. 
82-4.79 (m, 2H), 3.76-3.67 (m, 2H) , 3.58-3.53 (m, 
IN), 3.45 Cs } 3H), 3.41-3.39 Cm, 2H) , 2.10-2.09 
Cm r 1H), 1.88-1.83 Cm, 2H), 1.72 Cs , 6H) , 1.69-1.6 
7 (m, 1H), 1.53-1.48 Cm, 2H) . 
Wm\n 1 2 

1 H r*^C4QCMte,CnCl 3 ) £ : ppm 7.72-7.70 (m, 1H) , 7. 10 
51- 7. 48 Cm, U-Q, 7.42-7.38 (m, 1H) , 6.98-6.96 Cm, 
Hi), 5,55 (d, 3 - IS. 4 Hz, 1H) , 5.50 (d, 3 -18.4 H 
z, 1H), 3.53 Cs, 3H), 3.41-3.37 (m, 1H) , 3. 28-3. 20 
Cm, 1H), 2.88-2.82 Cm, 2H) , 2.67-2.62 Cm, 1H), 1. 
95-1.87 Cm, 1H), 1.73-1.45 Cm, 2H) , 1.29-1.17 Cm, 
1H). 

mmn 1 3 

1 H NMRC400K«z J CnCls) 8 : ppm 7.60 7,58 Cm, 1H) , 7. 
28 7.24 Cm, 1H) , 7.18 7.14 Cm, 1H) , 6.89 6.86 Cm, 
1H), 5.41 (d, J := 17.1 Hz, 1H) , 5.36 (d f 3 -17.1 H 20 
z, 1H), 3.52 Cs, 3H), 3.41-3.34 Cm, HI) , 3.33-3.26 
Cm, 1H), 2.95-2.85 Cm,2H), 2.69-2.63 Cm, 1H) , 1.9 
3 1.85 Cm, 1H), 1.75 1.46 Cm, 2H) , 1.29- .1.18 Cm, 1 
H). 

mmm 1 4 

1 H NMRC400MHz,CDC"i 3 ) 8 : ppm 7.43-7.38 Cm, 1H) , 7. 
27-7.19 Cm, 2H), 6.83-6.80 Cm, DO, 5.53 Cd, 3 - 1 
8.5 Hz, 1H), 5.49 Cd, 3 = IS. 5 Hz, 1H) , 3.58-3.53 
Cm, 1H), 3.51 Cs, 3H), 3.50-3.42 Cm, HI) , 3.38-3.3 
0 Cm, 1H), 3.18-3.04 Cm, 2H) , 1-89-1.28 Cm, 611) . 30 
[ 0 0 5 4 ] ##W 1 

g ^r-3-^ , 7-^ b F Q -IH-^' V > -2 , 6 = g^ 



H 



. HN 



O 



HN 



f 

O 



(1 ) 2-^T/-N-[(^^^75/)^M-^]7tb 

r s k 

N-J*)hffiM (148.16 q) KO^T^SEft (184.80 
q) C0M*i^If^f ( 500 ml) * TtfC r 3 0 

ir«EfeIj|, SfeBftCDSBWBJ (197.46 q) £f# 
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1 H NMR(400MHz, DMSO-<4 ) 8 : ppm 10.54 Cs, 1H) , 7.9 
0 Cs, D-Q , 3.90 Cs, 1H), 2.69 Cm, 3H) . 
MS (EI+) 141(&t , 62%) . 
( 2 ) 6-T 5 y -1-^ ^ r V 5> 5/ Jl/ 

N-y^^^7/7tfil#$ (197.46 q) CDl0%7Kit 
ffc^ F 'J £<Mc?8jS (1400 ml) ^70 o CrC2B^«l-f-L 

fc, SHHKiSSJU «*»*lB*r«tt*pH 6.0KHHK 

( 92.43 q) *»fc„ 
l H NMR(40(Mte f CMSO-4 ) S I ppm 10.32 Cs , 1H) , 6.7 
8 Cs, 2H), 4.55 Cs, 1H) , 3.17 Cs, 3H). 
MS (EI+) 141CM" , 10030 . 
( 3 ) 6- T 5 J -1-y ^ ^ 5 h a V # ^ 5> JV 
-5TJT, &-7^-l-^?;W7^;l' (92.02 q) 
ffclt (120 ml) (1500 ml) COB* Sit, SKfig!^ 

h V #A (49.48 q) CDtR^M (100 ml) £?jfTL>TlP# 

mmvxmmmm, ^^tcmmom^mm <ie 
s.64 q> %mtc 0 

1 H NMR(400F^z f DMSO-ct ) 5 : ppm 12.91 Cs, 1H) , 3.1 
8 Cs, 3H). 

MS (ET I ) 170 CM" , 100%) . 
[0 05 5] ( 4 ) 5,6-vT ? S-l-J ^A<*[) -J^')l 
( 3 ) r|#6n/cll^06-T ^ ^;[/-5-"- b P 

V^^^JU (168.64 q) ^t28%T>^-TtK (1000 m"0 
CC^S3i±, I^t>»th^;A (390 q) *^S2 

ura-asi era (105.41 <?> ^@^ 0 

a H NMR(400[VHz, DMS0-4 ) 6^ : ppm 10.54 (br, 1H), 6. 
13 Cs, 2H), 3.21 Cs, 3H). 
MS (EI+) 156((vf , 10050 - 
( 5 ) 3-^ -7\;I/-3 , 7-^ t F U-IH-:/ >-2 , > 
5,6-^T 5 y-l-^^;l/ r > : j>>-;l/ (105.41 q) S^^^ 
m^MhU^.^ (500ml) <DW?;l/*M7 5 F (5 
00 ml) jgjffte, (4 ml) ^MxTl20°Ct:2B#K 

F (300 ml) ttlvr^X^jl/jc — fvl' (300 ml) "Cgfe^ 
40 L/C *BEie«LTaaH»<DBfl««l (83.00 q) 

2 H NMR(400M4z , CM5G~cL ) 5" : ppm 13.50 (s, 1H) , 11. 
11 Cs, 1H), 8.02 Cs, 1H), 3.37 Cs , 3H) . 
MS CEI+) 166 CM" , 100%) . 

< 8 > 3-:7'u^e-3-^ ^;b-3,7-i>t: F a-iH-^ y >-2 ,6 

g*SH.tlT\ 3-^^^^>^> (16.61 q) 
Bt^ F y r *J A (16.41 q) OSNM^SiK (300 ml) $c v ^ 
fittt (6.15 ml) *aTbr65°C-C3^lffllB}^Lfc. 
50 l0X^C?^iL,/ctt. /X (200 ml) «:JDAT3Q531ffl«J¥0 



(17) 
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fcc mmuim#zwmisr s bw-* (im, km m 

1) , -rJtiti/x^^j.-f;!/ (zoo ml) 'Cgt^U 

fc c a&Sff©BBW» (17.12 q) «:» 

tc 0 

3 H NMR( 400MHz, ) £ : ppm 14 . 31 (br T 1H) , 1 

1.21 (s, 1H), 3.32 (s,3H). 
MS (EI+) 244(fvT , 10050 . 
[0 0 5 6 ] #"#«2 

>-2 j>j£jl> 



r 



>-Bf 



° f" 



I 



b FP-iH-:/y >-2,6~^:t> (3.13 q) , -*Oi/)l>9 
P7^ F (1.46 ml) , ^Bt^y^ACl-76 q)> 

3 F(S0 ml)CD«^»ft22ll*ia!«»Lfc B S 

fmo, ?>mhs mmm$utc 0 mmttw. 

J^X-^Ufr&RISliU SfcPBS (333 mq) &f#fc a 
*H NMR (400 MHz, DMSG-ck ) 5 : ppm 11.34 (s, 1H) , 
7.38-7.24 (m f 5H), 5.48(s, 2H) , 3.32 (s, 311). 
MS (FAB-0 335(^+1, 6%); HRMS (FAB-0 calcd for C u 
^ a a N» Br 335.0143, found 335.0155. 
[0 0 5 7] #-%W2 #%W3 -#« 



o 



HN 



>— Br 







R b 




2- 






3- 












3- 






3- 


- ^ ^ /l'-2— / V 




2- 


• ^ D P ^ V V /l- 




2- 


• v'TV 




2 * 




###t]li 


2- 


-7/ a ^<> i//V- 



[ 0 0 5 8 ] ##f#J3 
*H NMR(40GKtHz, DMSO-d ) S : ppm 11.31 (s , 1H) , 7.3 
1-7.06 (m, 4H) f 5.47 (s, 2H) , 3.36 (s, 3H) , 2. 38 
(s, 3H). 

l H hWR(400Mte, DMSO-d*) 5 : ppm 11.34 (s, 1H) , 7.2 
4 (m, 1H), 7.19-7.00 (m f 3H), 5.44 (s , 2H) , 3.33 
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(s, 3H), 2.29 (s, 3H). 

j H NMR(400!Wz, CMSO-ct ) 6" : ppm 11.34 (s , 1H) , 7.3 
7 (m, 1H), 7.26 (m, 1H) , 7.17 (m, 1H) , 6.99 Cm, 1 
H) , 5.54 Cs, 2H), 3.35 (s, 3H) . 

*H MW(400NHz, DMSO-d) & : ppm 11.36 (s, 1H) , 7.4 
2 On, 1H), 7.18-7.06 (m, 3H), 5.50 (s , 2H) ( 3.35 
(s, 3H). 

*H NMR (400 MHz, CDCi 3 ) d : ppm 7.98 (S, 1H) , 5.30 
-5.26 (m, HI), 4,92 (d, 3 - 6.9 Hz, 2H) , 3.51 (s, 
3H), 1.85 (s, 3H), 1.69 (s, 3H) . 
MS (FAB-0 313<>r+l, 1590; HRMS CFABf) calcd for C 
nH l4 aN 4 Br 313.0300, found 313.0297. 
[ 0 0 5 9] ##M 1 2 

8~:/U-&-l-X-7r/F-3~^ fjjbrZrlg^ : J\^~2-r/f^;{/) 



-3,7-^b FP -lK-^ y > 



J' 



■ 7 l >-* 



50 



5 q CT, M^Trfl^Wcs ^n^ -i y 7 (3 ^ 

^;l/-2-^ 7 u ^;b)-3 , 7-^ b F P -1H--/ U > -2 , > 
(800 mq) (D^^^WAT^ F (20 ml^&teM 
*3ftffc^ F U r >A(153 mq. 609*&tt)*aiA, 15» 
mmWLtc Q aVilX*)l (306 jt/l) ^:JP;^, 25°C 

t. lmmmwutc. mmmm^, fiawA^*(2oo mi) 

(493 mq) *®fc B 
*H NMR (400 MHz , CDC1 3 ) 8 I ppm 5.31-5.27 (m, 1H) , 

4.97 (d, 3 ^ 6.9 Hz,2H), 4.07 (q, 3 ^ 7.1 Hz, 2 
H) , 3.54 (s, 3H), 1.86 (s, 3H) , 1.74 (s, 3H),1.25 
(t, 1-7.1 Hz, 3H). 

MS (FAB-0 341 (>f -i-l, 100%); HRMS (FAB-0 calcd for C 
iJ-k^N* Br 341. 0613, found 341.0604. 
[ 0 0 6 0 ] WNffl 

DPP-lWM^'^yZy^M^T y -fe-f y 7 r - (25mM 
Tris HCl, 140mMNaCl, lOmM KC1 , pH7.9) (<CXi$fR 
L, A ? J YJ T v -fe ^ F tcSSftl^io ft 

^g^lMl^T^O, tB*a L/, m&cxj F 
L/Co (Glycyl-L-Proline 4-Methyl -Coumaryl-7-A 

^> a > Lfca, 25%MM(7g«100M LTSIS^ 
360nm, fC€^fi460nm^fc^^^^^^rPJ;^b/c, a 
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^C^/KD-ft^s ^OTCttSRft^Ji t/TWO 02/02 560<D 

[* 1 3 * 



mm 2003 

34 



3 0 0 9 7 7 



IQo (nM) 



75 
21 
900 
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[Title of the Invention] Xanthine Derivatives 






(57) 


[Abstract] 







[Object] To provide safer, less toxic compounds having high 
DPP-IV-inhibiting activity. 



[Means] Xanthine derivatives represented by the following 
formula, prodrugs thereof, or pharmaceutically acceptable salts 
thereof. 




(Where Ring E is a 6- or 7-membered hydrocarbon ring or a 6- 
or 7-membered heterocycle, or the like. R 1 and R 2 are each 
independently a hydrogen atom, optionally substituted alkyl, or 
the like. R 3 is an optionally substituted aryl, optionally 
substituted 1-arylalkyl, or the like. R 4 may be present in a 
number of one or two, each independently a hydrogen atom, 
optionally substituted alkyl, or the like.) 
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[Claims] 

[Claim 1] Xanthine derivatives represented by the following 
formula, prodrugs thereof, or pharmaceutically acceptable salts 
thereof. 

o R 3 



L 




NH 2 



(Where Ring E is a 6- or 7-membered hydrocarbon ring or a 6- 
or 7-membered heterocycle. Here, the hydrocarbon ring and 
heterocycle may be cross linked, or may be fused with a 
hydrocarbon ring or heterocycle. R 1 is a hydrogen atom, 
optionally substituted alkyl, optionally substituted alkenyl, 
optionally substituted alkynyl, or optionally substituted 
cycloalkyl. R 2 is a hydrogen atom, optionally substituted alkyl, 
optionally substituted alkenyl, or optionally substituted alkynyl. 
R 3 is an optionally substituted aryl, optionally substituted 
heteroaryl, optionally substituted 1-arylalkyl, optionally 
substituted 1-heteroarylalkyl, optionally substituted 2 -alkenyl, or 
optionally substituted l-(l-cycloalkenyl)alkyl. R 4 may be 
present in a number of one or two, each independently a 
hydrogen atom, optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted alkynyl, optionally 
substituted amino, or optionally substituted aryl.) 
[Claim 2] Xanthine derivatives represented by the following 
formula, prodrugs thereof, or pharmaceutically acceptable salts 
thereof according to Clai m 1 , wherein th e group represented by 

R 4 

NHh 



is a group represented by any of the following formulas. 

R + R 4 R* R 4 

-N (CH 2 ) n — ( (CH 2 ) n 




R 4 



NH 2 



NH 2 



NhU 



(Where R 4 is the same as in Claim 1, and n is 1 or 2.) 

[Claim 3] Xanthine derivatives represented by the following 



formula, prodrugs thereof, or pharmaceutically acceptable salts 
thereof according to Claim 1, wherein the group represented by 



\ 



NH 2 



is a group represented by any of the following formulas 



R 4 

r\~\ 

"N (CH 2 ) r 

M 



R 4 




NhU 




(Where R 4 is the same as in Claim 1, and n is 1 or 2.) 
[Claim 4] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to Claim 1, 
wherein the Ring E is a piperidine, azepane, cyclohexane, 
cycloheptane, or benzene. 

[Claim 5] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 4, wherein R 1 is a hydrogen atom, Q to C6 
alkyl, C 3 to C 6 alkenyl, or C 3 to C 6 alkynyl. 
[Claim 6] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 5, wherein R 2 is a hydrogen atom, Ci to C 3 
allyl, or propargyl. 

[Claim 7] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 6, wherein R 3 is a group of any of the 
following formulas. 




(Where X is -O-, -S-, -SO-, -S0 2 -, or -N(R 12 )-. R 5 is a hydrogen 
atom or Ci to C 3 alkyl. R 6 may be present in a number of 1 or 2 
in position 2 and/or 3, each independently a hydrogen atom, 
optionally halogen-substituted d to C 3 alkyl, halogen atom, Q 
to C 3 alkoxy, cyano, or methylenedioxy. R 7 may be present in a 
number of 1 or 2, each independently a hydrogen atom, 
optionally halogen- substituted Q to C 3 alkyl, halogen atom, Q 
to C 3 alkoxy, or cyano. R 8 is a methyl, ethyl, chlorine atom, or 
bromine atom. R 9 is a hydrogen atom, methyl, ethyl, chlorine 
atom, or bromine atom. R 10 is a hydrogen atom, methyl or ethyl. 
R 11 , which may be present in a number of 1 or 2, is a hydrogen 
atom or Ci to C 3 alkyl. R 12 is a hydrogen atom or Ci to C 3 alkyl.) 
[Claim 8] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
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Claims 1 through 6, wherein R 3 is any of the groups represented 
by the following formulas. 

(Where R 5 , R 6 , R 8 , R 9 , R 10 , and R 11 are the same as in Claim 7.) 
[Claim 9] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 6, wherein R 3 is a prenyl, 3-chloro-2-butenyl, 
or benzyl substituted in position 2 with a Q to C 3 alkyl, Ci to C 3 
alkoxy, cyano, trifluoromethyl, chlorine atom, bromine atom, or 
iodine atom. 

[Claim 10] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 9, wherein the atom to which the amino group 
is bonded is the sp 3 carbon atom, and R 4 is a methyl or ethyl 
bonded to the carbon atom. 

[Claim 11] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 1 through 9, wherein R 4 is a hydrogen atom. 
[Claim 12] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof represented by the 
following formula. 



N 



r\~\ 

-G (CH 2 ) n 



NH 2 



(Wherein R 13 is a hydrogen atom, d to C 6 alkyl, C 3 to C 6 
alkenyl, or C 3 to C 6 alkynyl. R 14 is a hydrogen atom, d to C 3 
alkyl, allyl, or propargyl. R 15 is any group represented by the 
following formula. 




(where R 5 , R 6 , R 8 , R 9 , R 10 , and R 11 are the same as in Claim 7.) 
R 16 may be present in a number of 1 or 2, each independently a 
hydrogen atom or Ci to C 3 alkyl, or may be methylene or 
ethylene bonded to a carbon atom forming the ring including G. 
The symbol n is 1 or 2. G is a nitrogen atom or methine.) 
[Claim 13] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to Claim 12, 
where G is a nitrogen atom. 

[Claim 14] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to Claim 12 
or 13, wherein n is 1. 



[Claim 15] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 12 through 14, wherein R 16 is a methyl or ethyl bonded 
to a carbon atom to which the amino group is bonded. 
[Claim 16] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
Claims 12 through 14, wherein R 14 is a hydrogen atom. 
[Claim 17] Pharmaceuticals comprising xanthine derivatives, 
prodrugs thereof, or pharmaceutically acceptable salts thereof 
according to any of Claims 1 through 16. 

[Claim 18] Dipeptidyl peptidase-IV inhibitors comprising 
xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of Claims 1 through 16. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to novel xanthine derivatives 
that are useful as pharmaceuticals, and in particular to novel 
xanthine derivatives that are effective as dipeptidyl peptidase-IV 
(DPP-IV) inhibitors. 
[0002] 
[Prior Art] 

DPP-IV, a serine protease occurring widely throughout the 
body, is a type of dipeptidyl aminopeptidase that cleaves 
N-terminal dipeptides through hydrolysis, and is also known as 
prolyl endopeptidase because of its particularly potent action on 
peptides in which the second amino acid from the N terminal is 
proline. Various biologically derived peptides involved in the 
endocrine system, neuroendocrine system, and immune 
functions are known substrates of DPP-IV. A number of 
physiologically active peptides serve as substrates of DPP-IV, 
such as the pancreatic polypeptide family, including pancreatic 
polypeptides (PP) and neuropeptide Y (NPY), and the 
glucagon/VIP family, including vasoactive intestinal 
polypeptides (VIP), glucagon-like peptide- 1 (GLP-1), glucose- 
dependent insulinotropic polypeptides (GIP) and growth 
hormone -releasing factors (GRF), as well as the chemokine 
family, and they are known to undergo the effects of 
activation/inactivation, metabolic stimulation, and the like 
(J. Langner and S. Ansorge, Ed., "Cellular Peptidases in Immune 
Functions and Disease 2," Advances in Experimental Medicine 
and Biology, Vol. 477). DPP-IV cleaves two amino acids (His- 
Ala) from the N-terminal of GLP-1. Although the cleaved 
peptide binds weakly to GLP-1 receptors, it is known to act as an 
antagonist, with no action in activating the receptors (L.B. 
Knudsen, et al, European Journal of Pharmacology, Vol. 318, 
pp. 429-435 (1996)). GLP-1 is known to be metabolized very 
rapidly in blood by DPP-IV, and the inhibition of DPP-IV is 
expected to result in higher concentrations of active GLP-1 in 
blood (T.J. Kieffe, et al, Endocrinology, Vol. 136, pp. 3585- 
3596 (1995)). GLP-1 is a peptide that is intestinally secreted as a 
result of sugar intake, and is a major factor involved in glucose- 
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induced insulin secretion in the pancreas. GLP-1 is also known 
to augment insulin synthesis in pancreatic P-cells as well as 
P-cell growth. It is also known that GLP-1 receptors are 
expressed in the gastrointestinal tract, liver, muscles, adipose 
tissues, and the like. In these tissues, GLP-1 is also known to 
have action in gastrointestinal activity, gastric acid secretion, 
glycogen synthesis and degradation, insulin-dependent glucose 
uptake, and the like. Increases in blood GLP-1 concentration as a 
result of DPP-IV inhibition can therefore be expected to 
stimulate blood glucose-dependent insulin secretion, improve 
pancreatic function, improve postprandial hyperglycemia, 
improve abnormal glucose tolerance, improve insulin resistance, 
and so forth, which should be effective in the treatment of type 2 
diabetes (non-insulin-dependent diabetes) (R.A. Pederson, et al, 
Diabetes, Vol. 47, pp. 1253-1258 (1998)). Various DPP-IV 
inhibitors have been reported (such as WO 98/19998, 
WO 00/34241, and WO 99/38501). In WO 02/02560, xanthine 
derivatives with piperidine rings and the like are reported as 
being effective DPP-IV inhibitors. 
[0003] 

[Problems Which the Invention Is Intended to Solve] 

An object of the invention is to provide safer, less toxic 
compounds having high DPP-IV-inhibiting activity. 
[0004] 

[Means for Solving the Abovementioned Problems] 

As a result of extensive research to address the above 
problems, the inventors perfected the present invention upon 
discovering that xanthine derivatives with amino groups in 
certain positions possessed high DPP-IV-inhibiting activity. 
[0005] 

Specifically, the invention is as follows. 
[1] Xanthine derivatives represented by the following formula, 
prodrugs thereof, or pharmaceutically accepta ble salts thereof. 



N 



IMH 2 



(Where Ring E is a 6- or 7-membered hydrocarbon ring or a 6- 
or 7-membered heterocycle. Here, the hydrocarbon ring and 
heterocycle may be cross linked, or fused with a hydrocarbon 
ring or heterocycle. R 1 is a hydrogen atom, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, or optionally substituted cycloalkyl. R 2 is a hydrogen 
atom, optionally substituted alkyl, optionally substituted alkenyl, 
or optionally substituted alkynyl. R 3 is an optionally substituted 
aryl, optionally substituted heteroaryl, optionally substituted 
1-arylalkyl, optionally substituted 1 -heteroarylalkyl, optionally 
substituted 2 -alkenyl, or optionally substituted 
l-(l-cycloalkenyl)alkyl. R 4 may be present in a number of one 



or two, each independently a hydrogen atom, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, optionally substituted amino, or optionally 
substituted aryl.) 

[0006] [2] Xanthine derivatives represented by the following 
formula, prodrugs thereof, or pharmaceutically acceptable salts 
thereof according to [1], wherein the group represented by 



NH 2 



is a group represented by any of the following formulas. 



4 (CH 2 ) n 




NH 2 



NH 2 NH 2 NH 2 




— N 



- JO 



NH 2 NH 2 NH 2 

(Where R 4 is the same as in Claim 1, and n is 1 or 2.) 

[0007] [3] Xanthine derivatives represented by the following 

formula, prodrugs thereof, or pharmaceutically acceptable salts 



thereof according to [1 



, wherein the group represented by 




is a group represented by any of the following formulas 



-N (CH 2 ) n 

M 




(CH 2 ) n 



-N (<CH 2 ) n 




NH 2 



(Where R 4 is the same as in Claim 1, and n is 1 or 2.) 
[4] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to [1], wherein the Ring E is a 
piperidine, azepane, cyclohexane, cycloheptane, or benzene. 
[0008] [5] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of 
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[1] through [4], wherein R 1 is a hydrogen atom, Ci to C 6 alkyl, 
C 3 to C 6 alkenyl, or C 3 to C 6 alkynyl. 

[6] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [1] through [5], 
wherein R 2 is a hydrogen atom, d to C 3 alkyl, allyl, or 
propargyl. 

[7] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [1] through [6], 
wherein R 3 is a group of any of the following formulas. 




(Where X is -O-, -S-, -SO-, -S0 2 -, or -N(R 12 )-. R 5 is a hydrogen 
atom or Ci to C 3 alkyl. R 6 may be present in a number of 1 or 2 
in position 2 and/or 3, each independently a hydrogen atom, 
optionally halogen-substituted Q to C 3 alkyl, halogen atom, Ci 
to C 3 alkoxy, cyano, or methylenedioxy. R 7 may be present in a 
number of 1 or 2, each independently a hydrogen atom, 
optionally halogen-substituted Q to C 3 alkyl, halogen atom, Ci 
to C 3 alkoxy, or cyano. R 8 is a methyl, ethyl, chlorine atom, or 
bromine atom. R 9 is a hydrogen atom, methyl, ethyl, chlorine 
atom, or bromine atom. R 10 is a hydrogen atom, methyl or ethyl. 
R 11 , which may be present in a number of 1 or 2, is a hydrogen 
atom or C] to C 3 alkyl. R 12 is a hydrogen atom or d to C 3 alkyl.) 
[8] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [1] through [6], 
wherein R 3 is any of the groups represented by the following 
formulas. 

R 6 




(Where R 5 , R 6 , R 8 , R 9 , R 10 , and R 11 are the same as above.) 
[0009] [9] Xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof according to any of [1] 
through [6], wherein R 3 is a prenyl, 3-chloro-2-butenyl, or 
benzyl substituted in position 2 with a Ci to C 3 alkyl, Ci to C 3 
alkoxy, cyano, trifluoromethyl, chlorine atom, bromine atom, or 
iodine atom. 

[10] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [1] through [9], 
wherein the atom to which the amino group is bonded is the sp 3 
carbon atom, and R 4 is a methyl or ethyl bonded to the carbon 
atom. 

[11] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [1] through [9], 



wherein R 4 is a hydrogen atom. 

[12] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof represented by the following formula. 

O R 1 * 



R 



,13 



X. 



R 



16 



(CH2> n 



NH 2 



(Wherein R 13 is a hydrogen atom, Ci to C6 alkyl, C 3 to Ce 
alkenyl, or C 3 to C 6 alkynyl. R 14 is a hydrogen atom, Ci to C 3 
alkyl, allyl, or propargyl. R 15 is any group represented by the 
following form ula. 




(where R 5 , R 6 , R 8 , R 9 , R 10 , and R 11 are the same as above). R 16 
may be present in a number of 1 or 2, each independently a 
hydrogen atom or Q to C 3 alkyl, or may be methylene or 
ethylene bonded to a carbon atom forming the ring including G. 
The symbol n is 1 or 2. G is a nitrogen atom or methine.) 
[13] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to [12], where G is a nitrogen 
atom. 

[14] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to [12] or [13], wherein n is 1. 
[15] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [12] through [14], 
wherein R 16 is a methyl or ethyl bonded to a carbon atom to 
which the amino group is bonded. 

[16] Xanthine derivatives, prodrugs thereof, or pharmaceutically 
acceptable salts thereof according to any of [12] through [14], 
wherein R 14 is a hydrogen atom. 

[17] Pharmaceuticals comprising xanthine derivatives, prodrugs 
thereof, or pharmaceutically acceptable salts thereof according to 
any of [ 1 ] through [16]. 

[18]Dipeptidyl peptidase -IV inhibitors comprising xanthine 
derivatives, prodrugs thereof, or pharmaceutically acceptable 
salts thereof according to any of [1] through [16]. 
[0010] Examples of "6- or 7-member hydrocarbon rings" 
include saturated or unsaturated 6- or 7-member hydrocarbon 
rings. Specific examples of saturated 6- or 7-member 
hydrocarbon rings include cyclohexane and cycloheptane 
Specific examples of unsaturated 6- or 7-member hydrocarbon 
rings include cyclohexene, cycloheptene, cyclohexadiene, 
cycloheptadiene, and benzene. Position 3 is the preferred. 
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substitution position for amino groups in 6- or 7-member hydro- 
carbon rings. 

[001 1] Examples of "6- or 7-member heterocycles" include 6- 
or 7-member heterocycles including 1 to 3 hetero atoms selected 
from the group consisting of nitrogen, oxygen, and sulfur atoms. 
Specific examples include piperidine, azepane, piperazine, 
morpholine, pyridine, pyrazine, pyrimidine, pyridazine, pyran, 
triazine, thiadiazine, and dithiazine. Examples of preferred 6- or 
7-member heterocycles include saturated 6- or 7-member 
heterocycles, and more preferably nitrogenous saturated 6- or 
7-member heterocycles, among which piperidine, azepane, and 
the like are especially desirable. The xanthine binding site of 6- 
or 7-member heterocycles may be a nitrogen atom. The preferred 
substitution site for the amino group is the 2nd position ([3 
position) from the xanthine binding site. 

[0012] The 6- or 7-membered hydrocarbon ring or 6- or 
7-membered heterocycle of Ring E may be cross linked. 
Examples of cross link groups include Q to C 4 alkylene chains 
(such as methano, ethano, propane, or butano), C 2 to C 4 alkenyl 
chains (such as etheno, propeno, or buteno), and preferably 
methano, ethano, or the like. Examples of cross linking position 
include, but are not limited to, the carbon atom to which the 
amino group is bonded and the |3 position of other carbon atoms. 
[0013] The 6- or 7-membered hydrocarbon ring or 6- or 
7-membered heterocycle of Ring E may also be fused with a 
hydrocarbon ring or heterocycle. Examples of the hydrocarbon 
rings that may be fused include 5- to 7-member saturated or 
unsaturated hydrocarbon rings, specifically, benzene, 
cyclopentano, cyclohexano, cycloheptano, cyclopenteno, 
cyclohexeno, and cyclohepteno. Examples of heterocycles that 
may be fused include 5- to 7-member saturated or unsaturated 
heterocycles including 1 to 3 hetero atoms selected from the 
group consisting of nitrogen, oxygen, and sulfur atoms, 
specifically, furan, theno, pyrollo, pyrazolo, and pyrido. 
[0014] Examples of "alkyls" include linear or branched Q to 
C 6 alkyls, specifically, methyl, ethyl, propyl, 1-methylethyl, 
butyl, 1 -methylpropyl, 2-methylbutyl, pentyl, 1 -methylbutyl, 
2-methylbutyl, 1 -ethylpropyl, hexyl, 1 -methylpentyl, 2-methyl- 
pentyl, and 1 -ethylbutyl. Preferable examples include linear or 
branched Q to C3 alkyl, especially methyl and ethyl. Examples 
of "alkenyls" include C 2 to C 6 alkenyls, specifically vinyl, 1- 



propenyl, 2- propenyl, and 3-pentenyl. Preferred examples 
include linear or branched C 2 to C3 alkenyls. However, when 
alkenyls are bonded to atoms other than carbon atoms, linear or 
branched C 3 to C 6 alkenyls are preferred, especially allyl. 
Examples of "alkynyls" include linear or branched C 2 to C 6 
alkynyls, specifically, ethynyl, 1-propynyl, 2-propynyl, and 
3-butynyl. Examples of preferred alkynyls include linear or 
branched C 2 to C 3 alkynyls. However, when alkynyls are bonded 
to atoms other than carbon atoms, linear or branched C 3 to C 6 
alkynyls are preferred, especially propargyl. Examples of 
"cycloalkyls" include C 3 to C 8 cycloalkyls, specifically, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
and cyclooctyl. 

[0015] Examples of substituents for the "substituted alkyls," 
"substituted alkenyls," and "substituted alkynyls" include one or 
more halogen atoms, hydroxyl groups, alkoxy groups, 
alkenyloxy groups, alkynyloxy groups, alkanoyls, alkanoyloxy 
groups, optionally substituted amino groups, carboxyls, 
alkoxycarbonyls, cyano groups, carbamoyls, and sulfamoyls. 
Examples of preferred substituents include halogen atoms, 
alkoxy groups, alkenyloxy groups, alkynyloxy groups, 
alkanoyls, alkanoyloxy groups, alkoxycarbonyls, and cyano 
groups. Examples of substituents for "substituted cycloalkyls" 
include one or more alkyls, alkenyls, alkynyls, halogen atoms, 
hydroxyl groups, alkoxy groups, alkenyloxy groups, alkynyloxy 
groups, alkanoyls, alkanoyloxy groups, optionally substituted 
amino groups, carboxyls, alkoxycarbonyls, cyano groups, 
carbamoyls, and sulfamoyls. Examples of preferred substituents 
include halogen atoms, alkoxy groups, alkenyloxy groups, 
alkynyloxy groups, alkanoyls, alkanoyloxy groups, 
alkoxycarbonyls, and cyano groups. 

[0016] Examples of "alkoxy groups" include linear or 
branched Q to C 6 alkoxy groups, specifically, methoxy, ethoxy, 
propoxy, 1 -methylethoxy, butoxy, 1 -methylpropoxy, 
2-methylpropoxy, pentoxy, 1 -methylbutoxy, 2-methylbutoxy, 1- 
ethylpropoxy, hexoxy, 1 -methylpentoxy, 2-methylpentoxy, and 
1-ethylbutoxy. Examples of preferred alkoxy groups include 
linear or branched d to C 3 alkoxy groups. Examples of 
"alkenyloxy groups" include linear or branched C 2 to C 6 
alkenyloxy groups, specifically, vinyloxy, 1 -propenyloxy, 
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2- propenyloxy, and 3-pentenyloxy. Allyloxy is a preferred 
example of alkenyloxy. Examples of "alkynyloxy groups" 
include linear or branched C 2 to C 6 alkynyloxy groups, 
specifically, ethynyloxy, 1 -propynyloxy, 2-propynyloxy, and 

3- butynyloxy. Propargyloxy is a preferred example of an 
alkynyloxy. Examples of "alkanoyls" include linear or branched 
Ci to C 6 alkanoyls, specifically, formyl, acetyl, propanoyl, and 
butanoyl. Examples of "halogen atoms" include fluorine, 
chlorine, bromine, and iodine atoms. Examples of substituents 
for "substituted amino" include alkyls and alkanoyls, of which 1 
or 2 may be independently substituted. 

[0017] Examples of "aryls" include C 6 to do aryls, 
specifically, phenyl, 1-naphthyl, and 2-naphthyl. Examples of 
substituents for "substituted aryls" include one or more alkyls, 
alkenyls, alkynyls, halogen atoms, hydroxyl groups, alkoxy 
groups, methylenedioxy groups, alkenyloxy groups, alkynyloxy 
groups, alkanoyls, alkanoyloxy groups, optionally substituted 
amino groups, carboxyls, alkoxycarbonyls, cyano groups, 
carbamoyls, and sulfamoyls. Examples of preferred substituents 
for R 3 include optionally halogen- substituted d to d alkyls, 
halogen atoms, alkoxy groups, cyano groups, and methyleneoxy 
groups, and even more preferable examples include d to d 
alkyls d to d alkoxy groups, chlorine, bromine, and iodine, 
especially d to d alkyls. Position 2 and/or 3 are preferred as 
substitution sites for R 3 , especially position 2. Examples of 
substituents for "substituted 1-arylalkyls" include the same as 
those for substituted aryls. 

[0018] Examples of "heteroaryls" include 5- or 6-member 
heteroaryls including 1 to 3 hetero atoms selected from the 
group consisting of nitrogen, oxygen, and sulfur. Specific 
examples of 5 -member heteroaryls include furyl, thienyl, 
isoxazolyl, isothiazolyl, pyrazolyl, imidazolyl, and furazanyl. 
Specific examples of 6-member heteroaryls include pyridyl, 
pyrazinyl, pyrimidinyl, and triazinyl. Preferred examples include 
heteroaryls include furyl and thienyl. Examples of substituents 
for "substituted heteroaryls" include one or more alkyls, 
alkenyls, alkynyls, halogen atoms, hydroxyl groups, alkoxy 
groups, alkenyloxy groups, alkynyloxy groups, alkanoyls, 
alkanoyloxy groups, optionally substituted amino groups, 
carboxyls, alkoxycarbonyls, cyano groups, carbamoyls, and 
sulfamoyls. Preferred examples of substituents for R 3 



include optionally halogen-substituted d to d alkyls, halogen 
atoms, alkoxy groups, cyano groups, and methyleneoxy groups, 
and even more preferable examples include d to d alkyls d to 
d alkoxy groups, chlorine, bromine, and iodine, especially d to 
d alkyls. Examples of substituents for "substituted 1- 
heteroarylalkyls" include the same as those for substituted 
heteroaryls. 

[0019] Examples of substituents for "substituted 2-alikenyls" 
and "substituted 1 -cycloalkenyls" include one or more alkyls, 
alkenyls, alkynyls, halogen atoms, hydroxyl groups, alkoxy 
groups, alkenyloxy groups, alkynyloxy groups, alkanoyls, 
alkanoyloxy groups, optionally substituted amino groups, 
carboxyls, alkoxycarbonyls, cyano groups, carbamoyls, and 
sulfamoyls. Examples of preferred substituents include alkyls, 
halogen atoms, and alkoxy groups, and especially C 1 to C 3 
alkyls, chlorine atoms, and bromine atoms, etc. 
[0020] Preferred examples of R 3 include 




(where X, R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , and R 11 are the same as above), 
and preferably 




(where R 6 , R 8 , R 9 , R 10 , and R 11 are the same as above). 
Especially preferred are prenyl, 3-chloro-2-butenyl, or benzyl 
substituted in position 2 with aQ to d alkyl, d to d alkoxy, 
chlorine atom, bromine atom, or iodine atom. Preferred 
examples of R 6 include d to d alkyls, d to d alkoxy groups, 
cyano groups, trifluoromethyls, chlorine, and bromine, and even 
more preferably methyl, ethyl, or chlorine. Position 2 is the 
preferred site. Preferred examples of R 8 include methyl, ethyl, 
and chlorine, and preferred examples of R 9 include hydrogen, 
methyl, ethyl, and chlorine. 
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[0021] Examples of "prodrugs" include any that are readily 
hydrolyzed in the body to reproduce xanthine derivatives of the 
invention. Specific examples include compounds in which the 
amino group -NH 2 of the xanthine derivative is derived 
from -NHX. Here, X means the following. 

U-3 




(2) •COR 3 ? 

C3) -CQG-CB 1 5 (R s * )-OCOR s * 
C4) -COOH; ;,: 

(Where R 17 is a hydrogen atom, alkyl, or aryl. R 18 and R 19 are 
each independently a hydrogen atom or alkyl. R 20 is a hydrogen 
atom, alkyl, aryl, or benzyl. R 21 is an alkyl or benzyl.) X is 
preferably group (1) or (3). In group (3), R 18 is preferably a 
hydrogen atom, R 19 is preferably a hydrogen atom, methyl, ore 
ethyl, and R 20 is preferably a hydrogen atom, methyl, or ethyl. 
Such compounds can be produced in the usual manner (J. Med. 
Chem. 35, 4727 (1992), WO 01/40180, etc.). 
[0022] The xanthine derivatives, etc., of the invention are 
preferably in the form of sustained release preparations. Such 
preparations may be found in the literature noted below and can 
be produced in accordance thereby. 

"Particle Design and Pharmaceutical Techniques," Yakugyo 
Jihosha, Ed. Y. Kawajima (1993). 

"Bioavailability," Soft Science Co., Ed. K. Nagai, N. Sonobe, 
W. Morishita and T.Yamazaki (1998). 

"Novel Drug Delivery Systems," CMC Co, T. Nagai, Ed. 
(2000). 

"Controlled Drug Release of Oral Dosage Forms," Ellis 
Horwood Ltd, Jean-Maurice Vergnaud (1993). 
[0023] Examples of "pharmaceutic ally acceptable salts" 
include inorganic acid salts such as hydrochlorides, hydro- 
bromides, sulfates, phosphates, and nitrates, and organic acid 
salts such as acetates, propionates, succinates, lactates, malates, 
tartrates, citrates, maleates, fumarates, methanesulfonates, p- 
toluene sulfonates, and ascorbates. The invention also includes 
hydrates and solvates such as ethanol solvates of the xanthine 
derivatives, prodrugs, and pharmaceutically acceptable salts. 
[0024] The following compounds are examples of preferred 
xanthine derivatives in the invention. In the following tables, Dl 
through D22 stand for the substituents noted after the tables. 
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No. 


Y 


Y^ 


Y Y* 






1 


CH 3 


CH 3 


H D1 






2 


CH 3 


CH 3 


2-CH3 D1 






3 


}-l 


CH 3 


2-Br D1 






4 


H 


CH 3 


3-CH 3 D1 






5 


H 


G2H5 


2-I D1 






6 


CH 3 


CH 3 


2-F D1 






7 


C 2 H 5 


CH 3 


3-F D1 






8 


C3H7 


CH 3 


2-CI D1 






9 


H 


CH 3 


3-C 2 H 5 D1 






10 


H 


GH 3 


3-Br D1 






11 


iso-C^g 


CH 3 


3-CI D1 






12 


H 


CH 3 


2-CF 3 0 D1 






13 


H 


CH 3 


2-C3H7 D1 






14 


H 


CH 3 


2-CN D1 






15 


C 3 H7 


CH 3 


A\ \jri3v L> I 




No. 




Y 1 


Y 2 


Y J 


A 

Y 


16 




CH 3 


CH 3 


2-iso-C 3 H 7 


D1 


17 




CH 3 


CH 3 


2-C 2 H5 


D1 


18 




H 


CH 3 


2-GF3 


D1 


19 




H 


CH 3 


3-GH 3 0 


D1 


20 




H 


C 2 H 5 


3-CN 


D3 


21 




CH 3 


CH 3 


2-CF 3 


D1 


22 




C2H5 


CH 3 


2.6-(Cl) 2 


D1 


23 




CH 3 


CH 3 


23-{Ci) 2 


D1 


24 




H 


CH 3 


2.3-(CH 3 ) 2 


Dl 


25 




H 


CH 3 


2.3-OCH 2 0 


D1 


26 




H 


CH 3 


2-CI 


D2 


27 




H 


C3H7 


2-CH 3 


D3 


28 


(CH 3 ) 2 C=CHCH 2 CH 3 


M 2 H 5 


D4 


29 


CH 3 CH=CHCH 2 


CH 3 


2-CN 


D5 


30 




CH 3 


CH 3 


2-CH 3 0 


D2 



[0026] 



15 
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TO- 



No 


Y 1 
Y 


v 2 
Y 


Y 


Y 


V 5 


31 


CH 3 


CH 3 


H 


D1 


CF-3 


32 


CH 3 


CH 3 


3-CF 3 


D1 


CF-3 


33 


H 


CH 3 


3-Br 


D1 




34 


H 


CH 3 


H 


D1 


C 2 H 5 


35 


H 


C 2 H 5 


2-CF3 


D1 


C2H5 


36 


CH 3 


CH 3 


2-Br 


D1 


ch 3 


37 


CH 3 


CH 3 


2-CH3O 


D1 


CF-3 


38 


CH 3 


CH 3 


2-CI 


D1 


CH 3 


39 


H 


CH 3 


2-CH3 


D1 


CI-3 


40 


cycloC 3 H 5 -CH 2 


CH 3 


3-Br 


D6 


CI-3 


41 


C 4 H 9 


CH 3 


3-CI 


D7 


C2H5 


42 


H 


CH 3 


2-CF 3 0 


D7 


C 2 H 5 


43 


H 


CH 3 


2-C3H 7 


DS 


CF-3 


44 


H 


CH 3 




D9 


CF3 


45 


C3H7 


CH 3 


2-CH3O 


D10 


CF 3 



[0 0 2 7 ] 



TO* 



No. 


Y 1 


Y 2 


Y 6 


Y 4 


46 


CH 3 


CH 3 


H 


D1 


47 


CH 3 


CH 3 


3-CH 3 


D1 


48 


H 


CH 3 


3-CI 


D1 


49 


H 


CH 3 


3-CH 3 0 


D1 


50 


H 


C 2 H 5 


2-CH 3 


D1 


51 


CH 3 


CH 3 


2-CI 


D1 


52 




CH 3 


2-GH3O 


D1 


53 


CH 3 


CH 3 


4-CH3 


D1 


54 


H 


CH 3 


4-CI 


D1 


55 


CH 3 CH(OH)(CH 2 )4 


CH 3 


3-Br 


D11 


56 CH 3 CH(NH 2 )(CH 2 ) 4 CH 3 


3-C 2 H 5 


D12 


57 


CH 3 


CH 3 


2-CF3O 


D13 


58 


H 


CH 3 




D14 


59 


H 


CH 3 


2-CN 


D15 


60 


C 2 H 5 


CH 3 


2-CH3 


D16 




CT 

I 



No 


Y 1 


Y 2 


Y 3 


Y 4 


61 


CH 3 


CH 3 


H 


D1 


62 


CH 3 


CH 3 


8-Br 


D1 


63 


H 


CH 3 


S-l 


D1 


64 


H 


CH 3 


8-CH 3 


D1 


65 


H 


C 2 H 5 


6-CH3O 


D1 


ee 


CH 3 


CH 3 


5-C 2 H 5 


D1 


67 


CH3 


CH 3 


5-I 


D1 


68 


CH 3 


CH 3 


S-CI 


D17 


69 


H 


CH 3 


5-CH3 


D18 


70 


H 


CH 3 


6-F 


D19 


71 


H 


CH 3 


7-CI 


D20 


72 


H 


CH 3 


8-CF3O 


D21 


73 


H 


CH 3 


6-C3H7 


D22 


74 


H 


CH 3 


6-CN 


D3 


75 


C3H7 


CH 3 


5-CH3O 


D5 



[0 0 2 9 



X, 



N 



Mo. 


Y 1 


Y 2 


Y 4 


76 


CH 3 


CH 3 


D1 


77 


CH 3 


CH 3 


D1 


78 


H 


CH 3 


D1 


79 


H 


CH 3 


D1 


80 


H 


C 2 H 5 


D1 


81 


CH 3 


CH 3 


D1 


82 


CH 3 


CH 3 


D1 


83 


CH 3 


CH 3 


D1 


84 


H 


CH 3 


D1 


85 


H 


CH 3 


D1 


86 


H 


CH 3 


D1 


87 


H 


CH 3 


D1 


8B 


H 


CH 3 


D1 


89 


H 


CH 3 


D1 


90 


CH 3 


CH 3 


D1 



Y 7 



2- thienyl 

3- methyl-2-thienyl 
3-chloro-4-methyl-2-thienyl 

2- furyl 

4,5-dimethyl-2-furyl 
5-bromo-2-furyl 

3- methyl-2-furyl 

1 -methyl-2-pyrrolyl 
4'-methyl-l , 1 '-biphenyl-2-yl 
4'-trifluroomethyl- 1 , 1 '-biphenyl-2-yl 
2 ' -cyano- 1,1' -biphenyl-2-yl 
2 ' -methoxy- 1,1' -biphenyl-2-yl 
1 -benzothien-2-yl 
1 -benzofuran-2-yl 
3-bromo-2-thienyl 



[0028] [0030] 




No. 


Y 1 


Y 2 


Y 4 


Y 8 


91 


CH 3 


CH 3 


D1 


l-(l-naphthyl)ethyl 


92 


H 


CN 3 


D1 


l-(2-furyl)ethyl 


93 


H 


CH 3 


D1 


(2, 6-dime thy lcyclohex- 1 -en- 1 -yl)methyl 


94 


H 


Chi 3 


D1 


(2,3 ,6, 6-tetramethy lcyclohex- 1 -en- 1 -yl)methyl 


95 


H 


C 2 H 5 


D1 


(2, 6, 6-trimethy lcyclohex- 1 -en- 1 -yl) methyl 


96 


H 


CH3 


D1 


2,3 -dimethyl-2-butenyl 


97 


H 


CH 3 


Dl 


2-methyl-3-chloro-2-butenyl 


98 


H 


CH 3 


D1 


3 -methy 1-2-butenyl 



[003 1 ] D 1 through D22 stand for the following 
substituents. 
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■HQ «hO D3 K^ «hQ -K> 

CH 5 F 

NH, NH 3 r NH 2 FhX^* 



[0032] The xanthine derivatives of the invention can be (when Ring E has a nitrogen atom as a ring- forming atom, and is 
produced in the following manner, for example. bonded to the xanthine skeleton by the nitrogen atom) 

Preparation Method A 



O R J 



^ N ^NStep1 n " N step2 o^n^N 



HN 

O' 



R 2 (1) 

(5) 



R 2 (2) 



R 2 (4) 



Step 3 



(Where R 1 , R 2 , R 3 , and R 4 are the same as above. Ring E 1 is a 6- 
or 7-member nitrogenous heterocycle, bonded to the xanthine 
skeleton by the nitrogen atom. The nitrogenous heterocycle may 
also be fused with a hydrocarbon ring or heterocycle. X 1 and X 2 
are each independently an iodine atom, bromine atom, chlorine 
atom, methane sulfonyloxy, trifluoromethanesulfonyloxy, or 
p-toluenesulfonyloxy, etc.) 
[0033] 1) Step 1 

Compound (2) can be synthesized by reacting Compound (1) 
with bromine with or without additional materials in an inert 
solvent (J. Heterocycl. Chem., 37, 1033 (2000), J. Chem. Soc, 
Perkin Trans. 1 13, 1833 (1999), J. Med. Chem, 38, 3838 
(1995), etc.). Sodium acetate and the like are examples of added 
materials, which may normally be added in an amount of 1 to 5 
equivalents relative to Compound (1). The bromine may 
normally be used in an amount of 1 to 3 equivalents relative to 
Compound (1). Examples of inert solvents include water, 
alcohol (ethanol, methanol, isopropanol, etc.), ethers (1,4- 
dioxane, etc.), organic acids (acetic acid, propionic acid, etc.), 
and mixtures of such solvents. The reaction temperature can be 
selected from within the range of about 20 to about 50°C. 
[0034] 2) Step 2 




Compound (4) can be synthesized by reacting Compound (2) 
with Compound (3) in the presence of a base in an inert solvent 
(J. Heterocycl. Chem, 37, 1033 (2000), J. Chem. Soc, Perkin 
Trans. 1 13, 1833 (1999), J. Med. Chem, 38, 3838 (1995), etc.). 
Compound (3) may normally be used in an amount of 1 to 3 
equivalents relative to compounds of Formula (2). Examples of 
bases include alkali carbonates (such as potassium carbonate, 
sodium carbonate, potassium bicarbonate, and sodium 
bicarbonate), alkali hydroxides (such as potassium hydroxide 
and sodium hydroxide), and preferably potassium carbonate, etc. 
The base may normally be used in an amount of 1 to 5 
equivalents relative to Compound (2). Examples of inert solvents 
include aprotic solvents (such as dimethyl formamide and 
dimethyl sulfoxide), ethers (such as diethyl ether, 
tetrahydrofuran, and 1,4-dioxane), ketones (such as acetone), 
and mixtures of such solvents, preferably dimethyl formamide, 
dimethyl sulfoxide, etc. The reaction temperature may be 
selected from the range of about 10 to about 50°C. 
[0035] When R 3 is an optionally substituted aryl or optionally 
substituted heteroaryl, the reaction may sometimes not progress 
very well by the above method. In such cases, for example, the 
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and preferably potassium carbonate, sodium carbonate, or the 
like. The base may normally be used in an amount of 1 to 5 
equivalents relative to Compound (4). Examples of inert solvents 
include aprotic solvents (such as dimethyl formamide and 
dimethyl sulfoxide), ethers (such as diethyl ether, 
tetrahydrofuran, and 1,4-dioxane), ketones (such as acetone), 
and mixtures of such solvents, preferably dimethyl formamide, 
etc. The reaction temperature may be selected from the range of 
about 10 to about 100°C. 
[0037] 4) Step 4 

Compound (7) can be synthesized by a reaction between 
Compound (6) and a cyclic secondary amine in the presence or 
absence of a base in an inert solvent. Examples of bases include 
triethylamine, pyridine, 4-(dimethylamino)pyridine, N-methyl 
morpholine, and preferably triethylamine. The base is normally 
used in an amount of 1 to 5 equivalents relative to Compound 
(6). Examples of inert solvents include alcohols (such as ethanol, 
methanol, and isopropanol), ethers (such as 1,4-dioxane), and 
mixtures of such solvents. The reaction temperature can be 
selected from the range of about 50 to about 120°C. In 
Preparation Method A above, the example given was of the 
production of Compound (4) through the bromination of the 
xanthine derivative (1) and the introduction of R 3 , but the 
bromination can also take place after the introduction of R 3 . 
Also, when R 2 is a hydrogen atom, byproducts in which R 3 is 
introduced to a different nitrogen atom are commonly produced 
during the production of Compound (4), but the byproducts can 
be readily eliminated through a common method of purification. 
[0038] Preparation Method B 

(when Ring E is bonded to the xanthine skeleton by a carbon 
atom) 



o o o 




reaction can be brought about using R 3 -X ! having a nitro group 
in position 2 instead of Compound (3) (Farmaco, Ed. Sci. 34, 
890 (1979), etc.), and the nitro group can then be converted to a 
hydrogen atom (Chem. Pharm. Bull. 47, 857 (1999), etc.) to 
produce Compound (4). Here, X 1 is preferably a chlorine atom, 
for example. Compound (4) in which R 3 is an optionally 
substituted aryl or optionally substituted heteroaryl can be 
produced in the following manner. 



O O R O R^ 

O^N^NH O^N^N c/Sl^N 

R 2 (e £ H3 R 2 (b) R 2 (4) 

(Where R 2 is the same as above. R 3 is an optionally substituted 
aryl or optionally substituted heteroaryl.) Compound (a) can be 
reacted with R 3 -N=0 in acetic anhydride, for example, to 
synthesize Compound (b) (J. Org. Chem. 37, 4464 (1972), etc.). 
R 3 -N=0 is normally used in an amount of 1 to 5 equivalents 
relative to Compound (a). The reaction temperature can be 
selected from the range of about 120 to about 180°C. 
Compound (4) in which R 3 is an optionally substituted aryl or 
optionally substituted heteroaryl can then be synthesized from 
Compound (b) in the same manner as in Step 1 of Preparation 
Method A above. 
[0036] 3) Step 3 

Compound (6) can be synthesized by a reaction between 
Compound (4) and Compound (5) in the presence of a base in an 
inert solvent. Compound (5) is normally used in an amount of 1 
to 3 equivalents relative to Compound (4). Examples of bases 
include alkali carbonates (such as potassium carbonate, sodium 
carbonate, potassium bicarbonate, and sodium bicarbonate), 
alkali hydroxides (such as potassium hydroxide and sodium 
hydroxide), alkali hydrides (such as sodium hydride and 
potassium hydride), alkoxyalkalis (such as t-butoxypotassium), 
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(Where R 1 , R 2 , R 3 , and R 4 are the same as above. Ring E 2 is a 6- 
or 7-member hydrocarbon ring or 6- to 7-member heterocycle, 
bonded to the xanthine skeleton by a carbon atom. The 
hydrocarbon ring and heterocycle may also be fused with a 
hydrocarbon ring or heterocycle. R 22 is an alkyl, etc.) 
[0039] 1) Step 1 

Compound (9) can be synthesized by a reaction between 
Compound (8) and cyanoacetic acid in acetic anhydride, for 
example, followed by the removal of the acetic anhydride and 
treatment with a base (Eur. J. Med. Chem. 25, 653 (1990), etc.). 
The cyanoacetic acid is normally used in an amount of 1 to 3 
equivalents relative to Compound (8). The reaction temperature 
can be selected from the range of about 50 to about 100°C. The 
acetic anhydride is normally removed by distillation while 
heated at reduced pressure. Examples of bases include alkali 
hydroxides (such as potassium hydroxide and sodium 
hydroxide). The alkali hydroxide may normally be used in the 
form of an aqueous solution with a concentration of 10% to 
30%, and the aqueous solution can be used in an amount of 1 to 
1.5 times (volumetric ration) relative to the acetic anhydride. 
The reaction temperature during the treatment with the base may 
be selected from the range of about 0 to about 40°C. 

2) Step 2 

Compound (10) can be synthesized by a reaction between 
Compound (9) and sodium nitrite in, for example, acetic acid 
aqueous solution (Eur. J. Med. Chem. 25, 653 (1990), etc.). The 
amount of sodium nitrite is normally 1 to 2 equivalents relative 
to Compound (9). The water/acetic acid volumetric ratio can 
normally be selected from the range of 5 to 20. The reaction 
temperature can be selected from the range of about 5 to about 
30°C. 

3) Step 3 

Compound (11) can be synthesized by a reaction between 
Compound (10) and sodium hydrosulfite in, for example, 
aqueous ammonia (Eur. J. Med. Chem. 25, 653 (1990), etc.). 
The sodium hydrosulfite is normally used in an amount of 3 to 5 
equivalents relative to Compound (10). The aqueous ammonia is 
normally used in the form of a solution with a concentration of 
10%) to 30%. The reaction temperature can be selected from the 
range of about 20 to about 60°C. 
[0040] 4) Step 4 

Compound (13) can be synthesized by a two-stage reaction 
comprising the following Steps 1 and 2. 
Step 1 

Compounds (11) and (12) are condensed in the presence of a 
base as needed using a condensing agent. Examples of 
condensing agents include those given in the Course in 
Experimental Chemistry (Ed. The Chemical Society of Japan, 
Maruzen), Vol. 22, specifically, phosphate esters (such as 
diethyl cyanophosphate and diphenylphosphoryl azide), 
carbodiimides (such as l-ethyl-3-(3-dimethylaminopropyl)- 



carbodiimide-hydrochloride, and dicyclohexylcarbodiimide), 
combinations of disulfides such as 2,2'-dipyridyl disulfide and 
phosphines such as triphenyl phosphine, phosphinic halides such 
as (N,N' -bis(2-oxo-3 -oxazolidinyl)phosphinic chloride), 
combinations of azodicarboxylate diesters such as diethyl 
azodicarboxylate and phosphines such as triphenyl phosphine, 
and 2 -halo- 1 -lower alkyl pyridinium halides (such as 2-chloro-l- 
methylpyridinium iodide). The base may be any commonly used 
in reactions, including organic bases such as N-methyl 
morpholine, triethylamine, diisopropyl ethylamine, 
tributylamine, l,8-diazabicyclo[5.4.0]undeca-7-ene, 
l,5-diazabicyclo[4.3.0]nona-5-ene, pyridine, 
dimethylaminopyridine, and picoline. Examples of inert solvents 
include ethers (such as tetrahydrofuran, diethyl ether, 
1,4-dioxane, and 1,2-dimethoxyethane), halohydrocarbons (such 
as dichlorome thane, chlorocarbon, and 1,2-dichloroethane), 
aprotic solvents (such as N,N' -dimethyl formamide and 
dimethyl sulfoxide), and mixtures of such solvents. The reaction 
temperature may be selected from the range of about -70 to 
about 80°C. 
[0041] Step 2 

The compound synthesized in Step 1 is converted to Compound 
(13) in the presence of an inorganic acid, organic acid, or base in 
an inert solvent. Examples of inorganic acids include mineral 
acids such as sulfuric acid, hydrochloric acid, and nitric acid, 
which can be used in the form of aqueous solutions. Examples of 
organic acids include acetic acid and propionic acid. Examples 
of bases include alkali carbonates (such as potassium carbonate, 
sodium carbonate, potassium bicarbonate, and sodium 
bicarbonate), and alkali hydroxides (such as potassium 
hydroxide and sodium hydroxide), which can be used in the 
form of aqueous solutions. Examples of inert solvents include 
ethers (such as 1,4-dioxane, tetrahydrofuran, and 
1,2-dimethoxyethane), and alcohols (such as ethanol, methanol, 
and isopropanol), and organic acids can be also used as inert 
solvents. The reaction temperature may be selected from the 
range of about 30 to about 100°C. If the compound is produced 
in Step 2 with the R 22 of Compound (13) eliminated, Compound 
(13) can be synthesized by esterification using a method such as 
the one in "Comprehensive Organic Transformation," R. C. 
Larock, VCH Publisher Inc., pp. 966-972 (1989). 
[0042] 5) Step 5 

Compound (14) can be synthesized from Compound (13) in the 
same manner as in Step 2 in Preparation Method A. Also, when 
R 3 is an optionally substituted aryl or optionally substituted 
heteroaryl, the reaction may sometimes not progress very well in 
the method in Step 5 in the same way as in Step 2 of Preparation 
Method A. In such cases, for example, the reaction can be 
brought about using R 3 -X 2 having a nitro group in position 2 
instead of Compound (3) (Farmaco, Ed. Sci. 34, 890 (1979), 
etc.), and the nitro group can then be converted to a hydrogen 
atom (Chem. Pharm. Bull. 47, 857 (1999), etc.) to 
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produce Compound (1). Here, X 1 is preferably a chlorine atom, 
for example. 

6) Step 6 

Compound (15) can be synthesized from Compound (14) in the 
same manner as described in Step 3 of Preparation Method A. 

7) Step 7 

Compound (16) can be synthesized by hydrolysis of Compound 
(15) in an inert solvent in the presence of a base. Examples of 
bases include alkali hydroxides (such as sodium hydroxide and 
potassium hydroxide). The alkali hydroxide may normally be 
used in the form of an aqueous solution. Examples of inert 
solvents include alcohols (such as methanol, ethanol, and 
isopropanol). The reaction temperature may be selected from the 
range of about 50 to about 120°C. 
[0043] 8) Step 8 

Compound (17) can be synthesized by activating the carboxyl 
group of Compound (16) and bringing about a reaction with 
sodium azide (J. Chem. Soc, Perkin Trans. 1 2519 (1992), etc.). 
Commonly used methods for activating carboxyl groups can be 
employed, for example, as described in "Comprehensive 
Organic Transformation," R. C. Larock, VCH Publisher Inc., 
pp. 963-976 (1989). Specific examples of carboxyl group 
activators which may be used at that time include alkyl 
chloroformates (such as ethyl chloroformate, isopropyl 
chloroformate, isobutyl chloroformate, and n-butyl 
chloroformate), pivaloyl chloride, and 2,4,6-trichlorobenzoyl 
chloride, especially the alkyl chloroformates. In the method for 
activating carboxyl groups using alkyl chloroformates, the alkyl 
chloroformate is used in an amount ranging from 1.0 to 
1.5 equivalents relative to Compound (16), for example. 
Examples of bases used at that time include triethylamine, 
diisopropylamine, ethyl isopropylamine, pyridine, 
4-(dimethylamino)pyridine, N-methyl morpholine, and 
especially triethylamine, N-methyl morpholine, etc. The base 
may be used in an amount of 1 to 3 equivalents relative to 
Compound (16), for example. Examples of reaction solvents 
include ether (tetrahydrofuran, 1,4-dioxane, diethyl ether, 
methyl -t-butyl ether, ethylene glycol dimethyl ether, etc.), 
ketones (such as acetone), halohydrocarbons (such as methylene 
chloride), and especially acetone, tetrahydrofuran, and 
1,4-dioxane. The reaction temperature may be selected from the 
range of about -20 to about 30°C. After the activation of the 
carboxyl group of Compound (16), the amount of sodium azide 



that is added may range from 1.0 to 2.0 equivalents relative to 
Compound (16), for example. The sodium azide can be used in 
the form of an aqueous solution. The reaction temperature may 
be within the range of about 10 to about 30°C. 
[0044] 9) Step 9 

Compound (18) can be synthesized by heating Compound (17) 
in an inert solvent (J. Chem. Soc, Perkin Trans. 1 2519 (1992), 
etc.). Examples of inert solvents include halohydrocarbon 
solvents (such as benzene, toluene, and xylene). The reaction 
temperature can be selected from the range of about 50 to about 
150°C. 
10) Step 10 

Compound (19) can be synthesized by heating Compound (18) 
in an inert solvent (J. Chem. Soc, Perkin Trans. 1 2519 (1992), 
etc.). Examples of inert solvents include alcohols such as tert- 
butanol and tert-amyl alcohol. The reaction temperature can be 
selected from the range of about 80 to about 120°C. 
[0045] Functional groups can be protected as needed in the 
above reaction. Well known protective groups (e.g. Protective 
Groups in Organic Synthesis, T. W. Greene, A Wiley- 
Interscience Publication (1981)) may be used. The introduction 
and deprotection of such groups can be based on well known 
methods. Prodrugs can be produced in the usual manner. When 
xanthine derivatives or prodrugs thereof are produced in 
accordance with the above methods, diastereomer mixtures may 
be obtained. In such cases, the various diastereomers can be 
separated to purify the xanthine derivatives, prodrugs thereof, or 
production intermediates thereof by suitable methods of 
purification such as silica gel column chromatography. Xanthine 
derivatives and products thereof can be mixed with 
pharmaceutic ally acceptable acids such as hydrochloric acid 
oxalic acid, and methanesulfonic acid in a solvent such as water, 
methanol, ethanol, or acetone to produce salts. When the 
xanthine derivatives and products thereof in the invention 
possess asymmetric carbons or asymmetric centers, it is possible 
to obtain optically active compounds by a suitable method of 
optical resolution such as the formation of an addition salt with 
an optically active acid such as tartaric acid, followed by 
fractionation and recrystallization. 

[0046] Potential applications of the pharmaceuticals of the 
invention are in the treatment of various diseases through their 
action in inhibiting DPP-IV. The compounds described in the 
Specification may be potentially useful in inhibiting postprandial 
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hyperglycemia in pre-diabetes, treatment of non-insulin- 
dependent diabetes, treatment of autoimmune diseases such as 
arthritis and chronic rheumatoid arthritis, treatment of intestinal 
mucosal diseases, stimulate growth, inhibit transplant organ and 
graft rejection, treatment of obesity, treatment of eating 
disorders, treatment of HIV infection, inhibition of metastasis, 
treatment of prostatic hypertrophy, treatment of pericementitis, 
and treatment of osteoporosis. 

[0047] When the xanthine derivatives, prodrugs thereof, and 
pharmaceutically acceptable salts thereof are used for thera- 
peutic purposes, the pharmaceutical composition may be given 
in oral or parenteral form (such as intravenous, subcutaneous, or 
intramuscular injection, or local, transrectal, percutaneous, or 
pernasal administration). Examples of compositions for oral 
administration include tablets, capsules, pills, granules, 
dispersions, liquids, and suspensions. Examples of compositions 
for parenteral administration include aqueous or oil-based agents 
for injection, ointments, creams, lotions, aerosols, suppositories, 
and patches. These agents can be prepared using conventionally 
known techniques, and can contain nontoxic or inert carriers or 
excipients commonly used in the pharmaceutical field. Although 
the dosage will depend on the patient's condition, such as age 
and weight, the symptoms, and the route of administration, 
usually the xanthine derivatives, prodrugs thereof, or 
pharmaceutically acceptable salts thereof in the present 
invention will be given to adults (body weight 50 kg) in a dose 
of 0.1 to 1000 mg/day, and preferably 1 to 300 mg/day, once a 
day or divided into two or three portions per day. They may also 
be given once every few days to every few weeks. The xanthine 
derivatives, prodrugs thereof, or pharmaceutically acceptable 
salts thereof in the present invention can also be used 
concomitantly with other agents for the treatment of diabetes. 
[0048] 

[Examples] The present invention is illustrated in further detail 

by, but is not limited to, the following examples. The following 

conditions of HPLC for measuring HPLC retention time were 

employed in the following examples. 

Column: Puresil CI 8 (registered trademark, Waters). 

Detection wavelength (UV): 254 nm 

Flow rate: 1.0 ml/min 
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Mobile phase: Acetonitrile/0.1% trifluoroacetic acid aqueous 
solution = 1 0/90 to 80/20 (3 0 min gradient) 
[0049] Example 1 

8-(3-aminopiperidin-l-vl)-3-methvl-7-(3-methvl-2-butenyl)-3 J- 
dihydro- 1 H-purin-2,6-dione 

. x ° y 

I I NH2 

The 8 -bromo- 3 -methyl- 7 - (3 -methyl-2-butenyl)-3 ,7-dihydro- 1 H- 
purine-2,6-dione (415 mg) obtained in Reference Example 7, 3- 
aminopiperidine-dihydrochloride (344 mg), and triethylamine 
(552 jil) ethanol (8 ml) solution were stirred for 30 hours at 
80°C. The reaction solution was cooled to 25 °C, then poured 
into water (100 ml), and extracted with ethyl acetate (100 ml). 
The organic layer was dried over anhydrous magnesium sulfate, 
filtered, and then concentrated at reduced pressure. The residue 
was purified by column chromatography (sililca 
gehchloroform/methanol = 20/1 to 5/1), and the target material 
(141 mg) was obtained in the form of white solids. 
HPLC retention time: 1 1 .46 min. 

*H NMR (400 MHz, DMSO-ct) £ppm 5.33-5.30 (m, 1H), 
4.74 4.61 (m, 2H) , 3.58 3.50 (m, 1H), 3.39 3 .32 
(m, 1H), 3.29 (s, 3H), 3.28-3.18 (m, lH) f 3.10-3,0 
5 (m, 111), 2.96-2.87 (m, HI), 2.04-1.95 (m, 1H) , 
1.90-1.83 (m, 1*0,1.73 (s, 3H) , 1.68 (s, 3H) t 1.71 
"1. 49 (m f 211) . 

MS (FAB+) 333(ivr +i, 8%); HRMS (FAB+) calcd for C 16 
tli^M 333.2038, found 333,2039, 
[0050] The compounds of Examples 2 through 14 were 
synthesized from the corresponding reference compounds in the 
same manner as in Example 1 . The compound of Example 4 was 
obtained in the form of a trifluoroacetate. 
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Example R a 

No. 

Ex.2 H 
Ex.3 H 
Ex.4 H 
Ex. 5 H 
Ex. 6 H 
Ex. 7 H 
Ex. 8 ethyl 
Ex.9 H 
Ex. 10 H 
Ex. 1 1 H 
Ex. 12 H 
Ex. 13 H 
Ex. 14 H 2 

[0051] Example 2 

J H NMR(400MHz, GXV) o t ppm 7,42-7.20 (m, 5H) , 
5.50 (s, 2H), 3.53 0,311), 3.43- 3.38 (m, 1H) , 3.30 
-3.23 (m, Hi) , 3.12-3.06 (m, 1H) , 3,04-2.900*, 1 
H), 2.83-2.72 Cm, 1H), 1,98-1,88 (m, 1H) , 1.82-1.7 
2 (m, 1H), 1.38-1.23 (m, 2H). 

MS (FAB+) 355CHT+1, 64%); HRMS (FA&O calcd for C 

■jl.HsQNb 355/1882, found 355.1887. 
Example 3 

*H NMR(400f*fe, DMSO-4) 8 : ppm 7.21-7-09 (m, 3H) t 
6,63 (d, 3 7,4 Hz ,1H) , 5.28 (s , 2H) t 3,34 (s, 3 

H), 3.20-3/17 (m> 2H), 2, -81-2. 6*8 (m, 3H) , 2,30 (S, 
3H), 1.78 (m, 1H), 1.61 Cm, 1H) , 1.41 (m, 1H), 1. 

22 (m, 1H). 

Example 4 

HPLC retention time: 13.11 min. 

Hi NMR(400Mte, DMSO-efc) 8 : ppm 7,21-7.09 (m, 3H) , 
6.63 (d, 3 - 7.4 H/.1H), 5.28 (s ? 2H) , 3.34 (s ( 3 

H) f 3,20-3.17 (m, 2H) , 2,81-2,68 (m, 3H) , 2.30 (S, 
3H), 1.78 Cm, IK), 1.61 (m, 1H) , 1.41 (m, 1H), 1. 

22 (m, 1H). 

Example 5 

*H M^C400MHtK, DHS0»<t> # : ;pprc 7^0 <t f ,1 » 7.5 H 

1H) S ?A)7 (d, .1 - 7.5 hfe, .110. 7.D3 (s s 1H)„ 
94 (d f J :« ?Ji m, f Hi), 5-27 J ~ lt<."l and 
9 H«, 2H>, 3,31 ;M) 5 3.27-3,24 2ip t 2 J3±~. 
2,68 0s, SID > 2,56 (m, 1H) S 2,26 0, 3(-Q » 1,78 (m, 
1H} > 1,63 Cm, :m > 1*50 (m, 1H) , 12130B, IK) . 
[0052] Example 6 

1 H NMRC40QMHZ, OXTlj) 5 : ppm 7.24 (m, 111), 7/15- 
7.03 (m, 3H), 5.40 (dd,J=lfi.O and 22.0 Hz, 2H), 3. 



Starting material 

Ref. Ex. No. 

benzyl Ref. Ex. 2 

2-methylbenzyl Ref. Ex. 3 

2- methylbenzyl Ref. Ex. 3 

3- methylbenzyl Ref. Ex. 4 

2- fluorobenzyl Ref. Ex. 5 

3- fluorobenzyl Ref. Ex. 6 
3-methyl-2-butenyl Ref. Ex. 12 
2-chlorobenzyl Ref. Ex. 8 

2- cyanobenzyl Ref. Ex. 9 

3- methyl-2-butenyl Ref. Ex. 7 
2-trifluoromethylbenzyl Ref. Ex. 10 
2-bromobenzyl Ref. Ex. 1 1 
2-chlorobenzyl Ref. Ex. 8 

50 (s, 3H), 3.41 (m, II D , 3.25 (m« JJH) , 2,96-2,91 

On, 2H), 2.75 (m, 1H), 1.91 (m, 11*1) , 1.74 Cm, 1H) , 

1.59 Cm, 1H), 1.28 Cm, 1H) . 
Example 7 

*H NMR^GQMte, CDC1„0 $ : ppm 7,27 On, 1H) , 7,03 

6.91 Cm, 3H), 5.32 Cdd t 3 - 16.0 and 17.8 Hz, 2H) , 

3.49 (s, 311), 3.40 (m, IN), 3.26 (m, HI), 2.98-2.9 

2 Cm, 2H), 2.76 Cm, 1H) , 1.94 (m, 1*0 , 1-77 Cm, 1 

H), 1.63 (m, IN), 1.27 (m, IN). 
Example 8 

a H Nf*(400IVHz f CDCl 3 ) 5 : ppm 5.36-5.33 Cm, IN), 4, 
72 (d 5 3 - 6.2 Hz, 2H) , 4.05 (q, 3 - 7.1 Hz, 2H) , 
3.65-3.43 (m, 3H) , 3.45 (s, 3H), 3.28-3,15 (m, 2 
H), 2.08-1.95 Cm, 2H), 1.89-1.79 Cm, 1H) , 1.75 (s, 
3H), 1.72 Cs, 3H), 1,70-1,59 (m, 1H) , 1.23 (t, 3 
= 7.1 Hz, 3H). 

MS (FAB+-) 361(M 100%); HRMS (FAEU-) calcd for C 

■nHisQNk 361,2351, found 361,2379. 
Example 9 

l \\ NMRC400Wfe,CDCl 3 ) 8 : ppm 7.41-7.39 Cm, 1H), 7. 
25-7.21 Cm, 2H), 6.93-6.91 Cm, lH) f 5.45 (6, 3 - 1 
7.0 Hz, 1H), 5.40 (d, 3 - 17.0 Hz, 1H) , 3.52(s, 3 
H), 3,40-3.36 Cm, Hi), 3.29-3.25 Cm, 1H) , 2.93-2.8 
6 Cm, 2H), 2.71-2.65 Cm, 2H) ( 1.91-1.89 Cm, 1H), 
1.70-1.69 Cm, 1H), 1.58-1.55 Cm, 1H), 1.28-1.24 
Cm, 1H). 

[0053] Example 10 

1 H M4RC400Mfe,CDC1O 8 * ppm 10.97 (s, 1H) , 8.23- 
8.22 (m, 3H), 7.88 Cdd, J = 1.0 and 7.7 Hz 1H) , 7.6 
7-7.63 Cm, 111), 7.51-7,47 (m, 1H) , 7,08 CdJ » 7,8 
Hz, 1H), 5.50 C^5 2H) , 3.57 C^» 3H) , 3.39-3.28 
Cm, 2H), 3.14-3.08 Cm, 2H), 2.88-2.87 Cm, 1H) , 1.9 
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3-1.92 (m, 1H), 1.79-1.77 (m, 1H) , 1.79-1.77 (m, 2 

H). 

Example 11 

1 H NMRC400M3z,CDC~l 3 ) S : ppm 5.26-5.23 (m, 1H), 4. 

82-4.79 (m, 2H) , 3.76-3.67 (m, 2H) , 3.58-3.53 On, 

1H), 3.45 (s, 3H), 3.41-3.39 (m, 2H), 2.10-2.09 

(m, 1H), 1.88-1.83 (m, 2H), 1.72 (s, 6H) , 1.69-1.6 

7 (m, 1H), 1.53-1.48 Cm, 2H) . 
Example 12 

*H NMRC400l\-Hz,CDCl 3 ) S ppm 7.72-7.70 (m, 1H), 7. 
51-7.48 Cm, 1H) , 7.42-7.38 Cm, 1H), 6.98-6.96 Cm, 
1H), 5.55 Cd, 3 = 18.4 Hz, 1H) , 5.50 (d, ] =18.4 H 
z, 1H), 3.53 (s, 3H), 3.41-3.37 Cm, 1H) , 3.28-3.20 
Cm, 1H), 2.88-2.82 Cm, 2H), 2.67-2.62 Cm, 1H), 1 
95-1.87 Cm, 1H), 1.73-1.45 Cm, 2H) , 1.29-1.17 Cm, 
1H). 



Example 13 

*H NMRC400lvHz,CDCl,) 8 : ppm 7.60-7.58 Cm, 1H), 7. 
28-7.24 Cm, 1H) , 7.18-7.14 Cm, 1H) , 6.89-6.86 Cm, 
IK), 5.41 Cd, 3 = 17.1 Hz, 1H) , 5.36 Cd, 3 =17.1 H 
z, 1H), 3.52 (S, 3H), 3.41-3.34 Cm, 1H) , 3.33-3.26 
Cm, 1H), 2.95-2.85 Cm,2H), 2.69-2.63 Cm, 1H) , 1.9 
3 1.85 Cm, 1H), 1.75 1.46 Cm, 2H) , 1.29 1.18 Cm, 1 
HL 



Example 14 

*H NMR(400mz 1 CDC1 3 ) S : ppm 7.43-7.38 (m, 1H) , 7. 

27-7.19 (m, 2H), 6.83-6.80 (m, 1H), 5.53 (d, J = 1 

8.5 Hz, 1H), 5.49 (d, J - 18.5 Hz, 1H) , 3.58-3.53 

(m, 1H), 3.51 (s, 3H) } 3.50-3.42 (m f 1H) , 3.38-3.3 

0 (m, 1H), 3.18-3.04 (m, 2H) , 1.89-1.28 (m, 6H) . 
[0054] Reference Example 1 

8-bromo-3-methvl-3J-dihvdro4H-purine-2,6-dione 



o 

<.A F i 



H 



( 1 ) 2-cyano-N- [(methylamino)carbonyl] acetamide 
N-methylurea (148.16 g) and acetic acid (184.80 g) acetic 
anhydride solution (500ml) were stirred for 3 hours at 70°C. The 
mixture was allowed to cool to room temperature and allowed to 
stand over night. The precipitated solids were filtered off and 
dried at reduced pressure, giving the target material (197.46 g) in 
the form of white solids. 



*H NMR(400ruHz, DMSO-ct ) S : ppm 10.54 (s, 1H) , 7.9 
0 (s, 1H), 3.90 (s, 1H), 2.69 (m, 3H) . 

MS (EI+) 141(Mr , 62%) . 

(2) 6-amino-l-methyuracil 

A 10% sodium hydroxide solution (1400 ml) of N-methyl 
cyanoacetyl urea (197.46 g) was stirred for 2 hours at 70°C. The 
mixture was allowed to cool to room temperature, and 
concentrated hydrochloric acid was added to adjust the pH to 
6.0. The precipitated solids were filtered off and dried at reduced 
pressure, giving the target material (92.43 g) in the form of white 
solids. 

'H NMR(4G0mz, DMSO-ct ) 5 : ppm 10.32 (s, 1H) , 6.7 
8 (s, 2H), 4.55 (s, 1H) , 3.17 (s, 3H) . 

MS (EI+) 141(hf , 100%) . 

(3) 6-amino-l-methyl-5-nitrouracil 

6-amino-l -methyl uracil (92.02 g) and acetic acid (120 ml) were 
suspended in water (1500 ml) at -5°C, and the solution was 
stirred for 1 hour as an aqueous solution (100 ml) of sodium 
nitrite (49.48 g) was added in the form of drops. The mixture 
was then gradually cooled to room temperature and stirred for 4 
hours. The precipitated solids were filtered off and dried at 
reduced pressure, giving a reddish violet crude product (168.64 
g) containing water. 

Hi NMR(400fWz, DMSCuct) 8 I ppm 12 .91 (s , 1H) , 3.1 
8 (s, 3H). 

MS (Ell) 170(1^ , 100%). 

[0055] (4) 5,6-diamino-l-methyl uracil 

The 6-amino-l -methyl-5-nitrouracil (168.64 g) obtained in (3) 
was suspended in 28% aqueous ammonia (1000 ml), and sodium 
dithionite (390 g) was gradually added over a period of 2 hours 
at room temperature. The mixture was stirred for 1 hour at 50°C 
and was then stirred over night at room temperature. The 
precipitated solids were filtered off and dried at reduced 
pressure, giving the target material in the form of white solids 

(105.41 g). 

*H NMR(400IVHz, CMSO-ct) S : ppm 10.54 (br, 1H), 6. 

13 (s, 2H), 3.21 (s, 3H). 

MS (EI+) 156CM" , 100%) . 

(5) 3-methyl-3,7-dihydro-lH-purine-2,6-dione 
Concentrated hydrochloric acid (4 ml) was added to 5,6- 
diamino-l-methyl uracil (105.41 g) and trimethyl ortho-formate 
(500 ml) dimethyl formamide (500 ml) solution, and the mixture 
was stirred for 2 hours at 120°C. The precipitated solids were 
filtered off and washed with dimethyl formamide (300 ml) and 
then diethyl ether (300 ml). The product was then dried at 
reduced pressure, giving the target material in the form of white 
solids (83.00 g). 

a H NMR(400hHz, CMSO-ct ) S : ppm 13.50 (s, 1H) , 11. 
11 (s, 1H), 8.02 (s, 1H), 3.37 (s, 3H) . 

MS CEI+) 166Cft/T . 100%) . 

(6) 8-bromo-3-methyl-3,7-dihydro-lH-purine-2,6-dione 
Bromine (6.15 ml) was added in the form of drops at room 
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temperature to 3 -methyl xanthine (16.61 g) and sodium acetate 
(16.41 g) acetic acid solution (300ml), and the mixture was 
stirred for 3 hours at 65°C. The mixture was cooled to 10°C, 
water (200 ml) was added, and the mixture was stirred for 30 
minutes. The precipitated solids were filtered off and washed 
with acetic acid- water (1:1, 100 ml) and then diethyl ether (200 
ml). The product was dried at reduced pressure, giving the target 
material in the form of white solids (17.12 g). 
*H NMR(400lvHz, CMSO-ct ) S \ ppm 14.31 (br, 1H) , 1 

1.21 (s, 1H), 3.32 (s,3H). 

MS (EI-Q 244(Itf , 100%) . 

[0056] Reference Example 2 

7-benzyl-8-bromo-3-methyl-3 J-dihydro-lH-purine-2,6-dione 



m 

-A- . 



I 



A mixture of the 8-bromo-3-methyl-3,7-dihydro-lH-purine-2,6- 
dione (3.13 g) of Reference Example 1, benzyl chloride 
(1.46 ml), potassium carbonate (1.76 g), and dimethyl 
formamide (80 ml) was stirred for 22 hours at 25 °C. The 
reaction mixture was transferred to saturated sodium chloride 
aqueous solution (300 ml) and extracted with ethyl acetate 
(200 ml). The organic layer was dried over anhydrous 
magnesium sulfate, filtered, and then concentrated at reduced 
pressure. The residue was re crystallized from chloroform and 

ether, giving the target material (333 mg). 

*H NMR (400 MHz, DMS0-d 5 ) S I ppm 11.34 (s, 1H) , 

7.38-7.24 (m, 5H) , 5.48(s, 2H) , 3.32 (s, 3H) . 

MS (FAB+) 33 5 (NT +1, 6%); HRMS (FAB+) calcd for C 13 

H^O^Br 335.0143, found 335.0155. 
[0057] The compounds of Reference Examples 3 through 11 
were synthesized in the same manner as in Reference 
Example 2. 

Q f 



O N 



Ref. Ex. No. 



Ref. Ex. 3 
Ref. Ex. 4 
Ref. Ex. 5 
Ref. Ex. 6 
Ref. Ex. 7 
Ref. Ex. 8 
Ref. Ex. 9 
Ref. Ex. 10 
Ref. Ex. 1 1 



2- methylbenzyl 

3- methylbenzyl 

2- fluorobenzyl 

3- fluorobenzyl 
3-methyl-2-butenyl 
2-chlorobenzyl 
2-cyanobenzyl 
2-trifluoromethylbenzyl 
2-bromobenzyl 



[0058] Reference Example 3 

1 H NMR(400mz, DMSO-ct) $ : ppm 11.31 (s, 1H) , 7.3 
1-7.06 Cm, 4H), 5.47 (s, 2H) , 3.36 (s, 3H) , 2.38 
(S, 3H). 

Reference Example 4 

X H NMR(400IVHz, DMSO-ct ) S I ppm 11.34 (s, 1H) , 7.2 
4 (m, 1H), 7.19-7.00 Cm, 3H) , 5.44 Cs 5 2H) , 3.33 



C&, 3H), 2,29 (s s :iH). 
Reference Example 5 

*H NMR(400fvHz, DMSO-4 ) S : ppm 11.34 Cs, 1H) , 7.3 

7 Cm, 1H), 7.26 Cm, Ih) , 7.17 Cm, 1H) , 6.99 Cm, 1 

H), 5.54 (S, 2H), 3.35 (s, 3H) . 
Reference Example 6 

1 H NMR(400IVHz f CMSO-ct ) 5" : ppm 11.36 (s, 1H) , 7.4 

2 Cm, 1H), 7.18-7.06 Cm, 3H) , 5.50 (s, 2H) , 3.35 

(s, 3H). 

Reference Example 7 

1 H NMR C400 MHz, CDC1, ) S I ppm 7.98 (s, 1H) , 5.30 

-5.26 Cm, 1H), 4.92 (d, 3 = 6.9 Hz, 2H) , 3.51 Cs, 

3H), 1.85 Cs, 3H), 1.69 Cs, 3H) . 

MS CFAB+) 313CM f +l, 15%); HRMS CFAB+) calcd for C 

nH^QiNiBr 313.0300, found 313.0297. 

[0059] Reference Example 12 

8-bromo-l-ethvl-3-methvl-7-(3-methyl-2-butenyl)-3J-dihydro- 
lH-purine-2,6-dione 



\ 



Sodium hydroxide (153 mg, 60% oil-based) was added to a 
dimethyl formamide (20 ml) solution of the 8-bromo-3-methyl- 
7-(3-methyl-2-butenyl)-3,7-dihydro-lH-purine-2,6-dione (800 
mg) obtained in Reference Example 7 at 5°C, and the mixture 
was stirred for 15 minutes. Ethyl iodide (306 ul) was added, and 
the mixture was stirred for 1 hour at 25 °C. The reaction mixture 
was transferred to saturated sodium chloride aqueous solution 
(200 ml) and extracted with ethyl acetate (100 ml). The organic 
layer was dried over anhydrous magnesium sulfate, filtered, and 
then concentrated at reduced pressure. The residue was washed 
with hexane and dried at reduced pressure and at 50°C, giving 
the target material (493 mg). 

a H NMR C400 MHz, CDC1 3 )£ : ppm 5.31-5.27 Cm, 1H) , 
4.97 Cd, 3 = 6.9 Hz,2H), 4.07 (q, J = 7.1 Hz, 2 
H), 3.54 Cs, 3H), 1.86 Cs, 3H), 1.74 Cs, 3H),1.25 
(t, 3 - 7.1 Hz, 3H). 

MS CFAB+) 341CM + +1, 100%); HRMS CFAB+) calcd for C 

1 3 Hi 8 Q N 4 Br 341. 0613 .found 341.0604. 
[0060] Test Example 

Assay of inhibitory action on DPP-IV in bovine plasma 
Bovine plasma containing the DPP-IV enzyme was diluted with 
assay buffer (25 mM Tris-HCl, 140 mM NaCl, 10 mM KC1, pH 
7.9), and 50 ul portions were added to microassay plates. 1 ul 
portions of compound solution were added and mixed, and the 
mixtures were incubated at room temperature. Substrate (Glycyl- 
L-Proline-4-Methyl-Coumaryl-7-Amide, Peptide Research 
Institute) was diluted to 0.2 mM with assay buffer, 50 ul 
portions were added, the mixtures were stirred and incubated at 
room temperature, and 100 ul portions of 25% acetic acid 
aqueous solution were added to stop the reaction. The 
fluorescent intensity was determined using a fluorescent plate 
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reader at an excitation wavelength of 360 nm and a measurement 
wavelength of 460 nm. Assuming the difference in fluorescent 
intensity to be 100% between background wells (reaction 
stopped with the addition of 25% acetic acid aqueous solution 
prior to the addition of substrate) and control wells (no 
compound added), the fluorescent intensity of the wells to which 
compounds had been added was interpolated, and the residual 
enzyme activity at the time the compounds were added was 
calculated (relative value). The concentration of compound 
resulting in 50% inhibition of enzyme activity (IC 50 ) was 
calculated based on the relative residual enzyme activity at the 
time the compounds were added in varying concentrations. The 



compounds of Examples 2 and 4, as well as the compound of 
Example 61 in WO 02/02560 (as a comparative compound), 
were tested as described above. The results are given in Table 1. 
[Table 1] 

Compound IC50 ( nM) 

Compound of Example 2 75 
Compound of Example 4 21 
Comparative Compound 900 
[0061]"" 

[Effect of the Invention] 

The present invention is able to provide safer, less toxic 
compounds having high DPP-lY-inhibiting activity. 



[Continued from front page] 

(51) Int. CI. 7 IDCode(s) FI Theme Code(Ref) 



3/04 




A61P 3/04 




3/10 




3/10 




13/08 




13/08 




19/02 




19/02 




29/00 


101 


29/00 


101 


31/18 




31/18 




35/04 




35/04 




37/00 




37/00 




37/06 




37/06 




41/00 




41/00 




43/00 


101 


43/00 


101 




111 




111 




123 




123 



